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VI  INTRODUCTION. 

vations  on  the  performance  of  horses,  and  of  other  kinds 
of  motive  power,  have  ahke  been  the  subject  of  regret 
among  those  interested  in  such  enquiries ;  and  little 
more  than  mere  conjecture  has  transpired  in  the  writings 
of  those,  who  have  not  been  more  immediately  con- 
cerned in  the  practical  application  of  this  mode  of  con- 
veyance. 

In  attempting  to  supply  these  defects,  considering 
the  importance  of  the  subject,  some  apology  may  be 
necessary  ;  but  in  giving  the  result  of  facts,  which  have 
come  under  our  knowledge  in  the  course  of  professional 
practice,  and  also  of  several  experiments  made  with  the 
express  view  of  obtaining  the  requisite  information  j  it 
is  trusted,  that  it  will  be  a  sufficient  excuse  for  any 
errors,  when  it  is  considered,  that  the  path  is  almost  an 
unbeaten  one,  and  that  little,  except  general  observa- 
tions, has  hitherto  been  published. 

The  greatest  care  has  been  used  in  the  prosecution  of 
the  different  experiments,  and  the  most  minute  details 
are  given,  in  order  that  the  reader  may  be  able  to  judge 
of  the  credit  to  which  they  are  entitled  ;  our  object  has 
been  to  furnish  practical  data  on  the  subject,  and  in 
doing  so,  not  to  assume  any  theory,  or  deduce  any  pro- 
position, which  is  not  supported  by  experiment ;  and 
if,  in  doing  this,  we  have  rendered  the  work  less  suited 
to  the  taste  of  general  readers,  or  have  fallen  into  pro- 
lixity in  the  details  ;  we  trust  that  it  will  be  attributed 
to  our  desire  of  rendering  the  subject  clear  and  familiar 
to  the  capacity  of  every  one,  whether  acquainted,  or 
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unacquainted,  with  the  technical  phraseology  of  the 
enquiry. 

It  would  be  too  much  for  us  to  assume  that  we  have 
supplied  all  the  information  of  which  the  subject  is 
susceptible  ;  on  the  contrary,  we  wish  it  to  be  under- 
stood, that  what  is  herein  contained  must  be  considered 
only  as  an  approximation.  It  will  be  sufficient,  if  what 
we  have  done  be  of  use  in  the  'practical  elucidation  of 
this  species  of  internal  communication,  and  serviceable 
in  establishing  a  more  correct  judgment  of  its  nature 
and  utility. 

KiLLIKGWORTH,  Apfily  1825. 
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SECOND  EDITION 


At  the  period  of  the  publication  of  the  first  edition 
of  this  Work,  Railways  were,  so  far  as  regards  their 
application  for  general  purposes,  quite  in  a  state  of 
infancy. 

With  the  exception  of  the  Surry,  and  the  Stockton 
and  Darlington  Railway,  they  had  been  almost  ex- 
clusively confined  to  private  purposes,  for  the  convey- 
ance  of  coals,  lead,  iron,  &c.,  from  the  great  coal,  lead, 
or  iron  works.  Being  thus  blended  with,  and  forming 
part  of  a  general  establishment,  though  their  utility  to 
complete  the  operations  of  such  works  was  never  ques« 
tioned,  it  yet  remained  to  be  proved,  how  far  they  were 
applicable  and  useful,  as  an  independent  and  distinct 
mechanical  process,  for  the  purposes  of  general  traffic. 

The  example  of  the  Surry,  which  was  a  Tram  Rail- 
way, tended  to  produce  an   unfavourable  opinion,  in 
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this  respect ;  and  the  Stockton  and  Darlington,  though 
in  a  very  advanced  state,  was  not  then  brought  into 
operation.  Public  opinion  was,  therefore,  in  an  un- 
settled state,  as  to  the  value  of  Railways  for  such  pur- 
poses, when  the  mania  of  1825  brought  every  scheme, 
alike  good,  bad,  and  indifferent,  before  the  public,  and, 
amongst  the  rest.  Railways.  The  re-action  and  languor 
which  succeeded  that  year  of  excitement,  involved 
Railways  in  the  general  gloom  of  hostility,  produced 
against  almost  every  scheme  which  had  been  agitated 
at  that  period ;  and  few,  if  any,  except  the  Liverpool 
and  Manchester,  were  enabled  to  struggle  through  the 
mass  of  opposition,  induced  by  such  feelings,  and  the 
machinations  of  conflicting  interests. 

The  success  attending  the  Stockton  and  Darlington 
Railway,  again,  however,  drew  the  public  attention 
towards  Railways,  and  dispelled  many  of  the  objections 
which  were  urged  against  their  adoption  for  general 
conveyance. 

In  the  mean  time,  improvements  were  made  in  every 
part  of  their  economy ;  the  establishment  of  coaches, 
dragged  by  horses,  upon  that  part  of  the  Railway 
between  Stockton  and  Darlington,  shewed  that,  to  a 
certain  extent,  they  were  capable  of  being  applied  to 
the  conveyance  of  passengers,  as  well  as  goods,  but 
still  they  made  little  progress. 

The  great  work  of  the  Liverpool  and  Manchester 
railway,  advancing  towards  completion,  seemed,  by  a 
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common  unanimity  of  opinion,  to  be  deemed  as  the 
experiment  which  was  to  decide  the  fiite  of  railways. 
The  eyes  of  the  whole  scientific  world  were  upon  that 
great  undertaking;  public  opinion  on  the  subject  re- 
mained suspended,  and  hence  its  progress  was  watched 
with  the  most  intense  interest. 

Though  forming  a  branch  of  the  subject  of  Railways 
of  no  ordinary  importance^  yet  it  is  not  necessary, 
perhaps,  to  pursue  the  history  of  the  progress  of  that 
Railway  further  in  this  place.  In  the  body  of  the  work, 
that  part  which  relates  more  immediately  to  the  object 
of  our  enquiries,  has,  it  is  trusted,  been  exhibited  and 
illustrated,  in  a  sufficiently  comprehensive  manner,  to 
make  the  reader  fully  acquainted  with  every  scientific 
particular ;  and  the  brilliant  description,  in  the  work 
of  Mr.  Booth,  furnishes  a  complete  history  of  its  progress 
and  completion. 

The  experiments  previous  to,  and  the  subsequent 
practice  of  that  Railway,  since  the  opening,  have 
exhibited  a  result  as  astonishing  as  it  is  important 
Not  only  has  the  question  been  decided,  and  in  the 
most  conclusive  and  practical  manner,  that  Railways  are 
fitted  for  the  conveyance  of  general  merchandize  ;  but 
with  the  assistance  of  Locomotive  engines,  it  has  been 
proved  that  they  are  capable  of  efiecting  a  rapidity  of 
transit,  greater  than  by  any  other  practical  mode  of 
travelling.  The  greatest  exertions  have  been  used  to 
accelerate  the  speed  of  the  mails,  (which  have  hitherto 
beei^  the  quickest  species  of  conveyance,)  without  being 
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abl^  to  exceed  10  miles  an  hour ;  and  that  only  with 
the  exercise  of  such  destruction  of  animal  power,  asc  no 
one  can  contemplate  with  feelings  except  of  the  most 
painful  nature  ;  while,  upon  the  Liverpool  Railway,  an 
average  rate  of  15  miles  is  kept  up  with  the  greatest 
ease ;  and,  on  an  extraordinary  occasion,  nearly  double 
that  rate,  or  30  miles  in  one  hour. 

Being  therefore  applicable,  at  greater  rates  of  speed, 
than  by  any  mode,  not  only  for  the  conveyance  of 
passengers,  but  also  for  general  merchandize,  has  affixed 
a  value  to  Railroads,  possessed  by  no  other  single  species 
of  conveyance. 

Uniting,  then,  the  several  qualities  of  being  alike 
adapted  for  the  transit  of  Ught  and  heavy  goods,  and 
the  conveyance  of  passengers,  will  unquestionably  lead 
to  the  substitution  of  railways  for  other  modes,  not 
possessing  such  properties,  in  all  cases  where  the 
extent  of  traffic  is  such  as  to  justify  the  outlay  of 
capital,  necessary  for  their  formation. 

The  importance  which,  under  those  circumstances, 
attached  to  a  correct  knowledge  of  all  the  minutiae  of 
the  construction,  capabilities,  and  economy,  not  only  of 
the  Railway  itself,  but  of  the  motive  power  to  be  used 
upon  it;  had,  as  previously  stated,  been  sufficient  to 
induce  the  author,  at  a  former  period,  to  present  to  the 
public  such  information,  as  their  then  state  of  improve- 
ment exhibited. 

The  preceding  observations,  shewing  the  rapid 
progress  which  Railways  have  made,   since  the  pub- 
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lication  of  that  edition,  imply  that  very  important 
changes  must  have  taken  place  in  their  powers  and 
capabilities.  Considering,  therefore,  the  necessity  of  a 
work,  exhibiting  the  latest  improvements,  and  bringing 
up  the  information  to  the  latest  period,  the  author  has 
been  induced  to  enter  upon  the  revision  of  the  former 
edition,  which  he  now  takes  the  liberty  of  presenting  to 
the  notice  of  the  public. 

In  accomplishing  this,  the  author  has  availed  himself 
of  every  opportunity  which  his  practice  has  afforded, 
of  obtaining  information  on  the  subject ;  in  addition  to 
which,  he  has  to  acknowledge  his  obligation  to  several 
friends,  from  whom  he  has  obtained  very  valuable 
information.  These,  together  with  numerous  experi- 
ments made  with  a  view  of  supplying,  not  only  what 
was  wanting  in  the  first  edition,  but  also  of  elucidating 
the  various  improvements  which  successive  experiments 
elicited,  form  the  principal  additions  to  the  former 
edition.  The  whole  has  been  revised,  and  such  parts 
only  retained  as  appeared  to  be  useful,  in  illustrating 
the  {^ogress  towards  the  present  state  of  improvement. 
The  author  is,  however,  afraid,  that  the  detached  way 
in  which,  at  intervals  of  professional  relaxation,  this  has 
been  done,  has,  in  many  instances,  produced  repetitions, 
and  in  other  cases  obliged  him  to  pass  more  hastily  over 
subjects  than  he  would  otherwise  wish.  He  has,  how- 
ever, bestowed  all  the  attention  which,  under  such 
circumstances,  he  was  capable  of  doing,  and  he  therefore 
throws  himself  upon  the  candour  of  the  public. 
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The  increasing  importance  of  Railway  communica- 
tion, and  the  anxiety  of  the  public  for  information  on 
the  subject,  has  rendered  it  necessary  that  a  third 
edition  of  this  Work  should  be  produced ;  and  in 
offering  it  to  the  public,  it  is  only  necessary  to  state 
shortly  the  changes  which  have  taken  place  since  the 
period  of  the  publication  of  the  last  edition. 

In  the  Introduction  to  that  edition,  we  stated  that 
the  result  of  the  completion  of  the  Liverpool  and  Man- 
chester Railway  was  looked  forward  to,  with  great 
anxiety,  as  tlie  experiment  which  was  to  decide  the  fiite 
of  Railways ;  that  great  work  has  now  been  completed, 
and  in  operation  for  seven  years,  and  the  success  has 
been  such  as  to  exceed  the  expectation  of  its  most 
sanguine  projectors. 

This  Railway,  having,  therefore,  as  it  were,  been  the 
creation  of  the  system  of  rapid  communication,  and 
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the  company  having  had,  in  establishing  that  system,  to 
contend  with  all  the  difficulties  incidental  to  raising  it 
from  comparative  inferiority  to  its  present  state  of  per- 
fection ;  the  experience  elicited  in  the  progress  of  this 
great  work,  exhibits  such  a  mass  of  information,  as  would 
of  itself  form  sufficient  materials  for  another  edition.  But 

no  sooner  had  the  success  of  this  Railway  been  estab- 
lished, than  other  great  lines  were  projected  ; — the  Lon- 
don and  Birmingham,  and  Grand  Junction  Railways, 
forming  a  line  of  communication  between  the  MetropoHs 
and  Liverpool  and  Manchester ; — the  Newcastle  and 
Carlisle,  forming  a  line  of  communication  between  the 
east  and  west  seas ; — the  London  and  Southampton 
forming  a  line  between  London  and  the  Channel ; — all 
of  which  are  partially  opened,  and  in  operation,  and 
which  will  be  shortly  completed. 

In  addition,  therefore,  to  the  experience  of  the 
Liverpool  and  Manchester  Railway,  and  those  for  the 
conveyance  of  minerals  and  heavy  goods,  in  the  North 
of  England ;  we  have  all  the  information  displayed  in 
the  formation  of  those  great  lines  of  Railway  communi- 
cation, together  with  several  other  lines  in  England  and 
Scotland. 

With  the  exception  of  some  of  the  Railways  in 
Scotland,  all  those  lines  have  been  constructed  on  the 
principle,  and  of  the  same  width,  as  that  of  the  Liver- 
pool and  Manchester  Railway.  In  forming  a  line  of 
communication^  however,  between  London  and  Bristol, 
Mr.  Brunei  has  constructed  a  Railway,  of  an  increased 
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width  between  the  rails,  and  upon  a  principle  essentially 
different  from  that  of  these  other  Railways,  a  portion  of 
which  has  recently  been  opened  to  the  public. 

An  historical,  and  descriptive,  account  of  all  the  im- 
provements made  in  the  progress  of  these  great  works, 
not  only  in  the  construction  of  the  Railways  but  in  the 
motive  power,  and  all  the  machinery  used  upon  them ; 
constitute,  therefore,  part  of  the  additional  matter  pre- 
sented to  the  public  in  this  edition.  Numerous 
additional  experiments,  made  to  elucidate  the  powers 
of  Railways  as  a  system  of  communication,  are  given 
in  this  edition,  resulting  from  the  increased  oppor- 
tunities, afforded  by  the  different  Railways  now  in 
operation. 

In  this  edition  also  we  have  availed  ourselves  of  the 
very  valuable  information  given  by  M.  Pambour,  in  his 
work  on  the  Locomotive  Engine;  which  contains  a 
complete  elucidation  of  the  powers  of  that  machine, 
and  whose  experiments  are  of  the  utmost  importance 
in  exhibiting  the  capabilities  of  the  improved  engines. 
Professor  Barlow's  experiments  and  calculations  on  the 
strength  of  rails  have  also  contributed  largely  to  our 
stock  of  information,  which  has  enabled  us  to  enter 
more  into  detail  upon  this  part  of  the  subject,  than  in 
the  last  edition. 

Considering,  from  the  experience  of  the  Liverpool 
and  Manchester  Railway,  that  we  had  sufficient  materials 
to  justify  us  in  entering  into  calculations  of  the  expense 
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of  working  Railways ;  we  have  in  this  edition  gone  into 
estimates  of  the  cost  of  all  the  different  charges  of 
Railway  conveyance,  for  both  goods  and  passengers,  and 
have  given  tables  of  the  expenses,  under  various  heads 
of  charge,  at  different  rates  of  travelling.  We  have 
also  gone  into  the  expense  of  conveyance  by  turnpike 
roads  and  canals,  which  we  have  compared  with  the 
cost  of  conveyance  by  railways,  at  the  several  rates  of 
speed  usually  accomplished  in  the  conveyance  of  heavy 
and  light  goods,  and  passengers,  on  these  different 
systems  of  internal  transport. 

These  additions  have  necessarily  increased  the  siz^ 
of  the  work  considerably,  but  we  trust  the  additional 
information  will  be  a  sufficient  justification,  and  that, 
though  not  so  complete  as  we  could  have  wished, 
compiled  as  it  has  been  at  casual  intervals,  snatched 
from  professional  avocations,  the  work  will  be  found 
generally  useful  on  so  important  a  subject  as  that  of 
Railway  communication. 

KiLLINGWORTH,  8^  Jutit  1838. 
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CHAPTER  L 
INTERNAL  COMMUNICATION. 

§  1, — Pack  Horses. 

It  is  not  necessary,  perhaps,  in  a  work  of  this  kind,  to 
enter  into  the  history  of  internal  intercourse,  further 
than  merely  to  glance  at  the  introduction  of  the  various 
kinds  of  wheel  carriages,  and  the  different  descriptions 
of  roads  necessary  for  their  use.  Previously  to  the 
invasion  of  England  by  the  Romans,  articles  of  trade 
were  transported  from  one  place  to  another  upon  the 
hacks  of  horses,  and  for  many  centuries  subsequently 
thereto,  we  find  the  same  mode  of  transport  practised  j 
even  so  late  as  the  middle  of  the  last  century,  almost  the 
whole  land  carriage  of  Scotland,  and  of  several  parts  of 
England,  was  conducted  on  the  backs  of  horses,  which 
were  called  "  pack  horses  ;*'  and  we  find,  at  the  present 
day,  in  most  of  the  mountainous  parts  of  Wales,  and  in 
the  Highlands  of  Scotland,  the  whole  traffic  carried  on 
by  the  same  means ; — and  even  at  this  time,  the  only 
mode  of  transporting  heavy  goods  from  one  place  to 
another,  in  the  mountainous  countries  in  Europe  and 
America,  is  on  the  backs  of  ^nules. 
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So  long  as  the  intercourse  and  traffic  of  the  country 
was  carried  on  in  this  manner,  we  may  presume  the 
roads  were  in  a  very  rude  state,  and  the  greatest  weight 
which  could  then  be  conveyed  would  be  very  limited, 
probably  not  amounting  to  more  than  two  or  three 
hundred  weight,  and  in  extreme  cases  to  very  little 
more.  We  may  therefore  easily  imagine,  how  contracted 
the  means  of  intercourse  would  be  at  that  period,  and 
the  impossibility  of  carrying  on  any  kind  of  traffic, 
except  on  the  margin  of  the  navigable  rivers.  A  very 
striking  instance  of  the  restriction  put  upon  the 
energies  of  a  country,  whose  only  means  of  internal 
intercourse  was  of  this  description,  occurred  with  regard 
to  the  mines  in  the  interior  of  South  America,  during 
the  mania  of  speculation  in  1825  ;  it  was  supposed  the 
only  drawback  to  the  prosperity  of  these  mines  was  the 
want  of  proper  machinery  for  drawing  and  working 
them.  In  more  than  one  instance,  massive  castings  of 
iron  were  sent  out  from  England  to  supply  this  defi- 
ciency J  but  when  landed  on  the  shores  of  America,  it 
was  found,  the  only  mode  of  carriage  to  the  mines  was 
on  the  backs  of  mules,  which  were  of  course  quite  in- 
capable of  carrying  such  heavy  loads,  and  the  machinery 
Could  not  consequently  be  conveyed  to  the  mines. 

§  2. — Military  Roads. 

The  invention  of  forming  hard  and  smooth  roads,  by 
covering  eitlier  the  natural  or  artificially  prepared 
ground,  with  stones  broken  into  fi^agments  of  a  certain 
size,  and  similar  to  our  present  paving,  is  attributed  to 
the  Carthaginians. 

The  Romans  acquired  their  knowledge  from  these 
people,  and  the  famous  Appian  Way  which  they  con- 
structed about  the  year  442  of  the  foundation  of  Rome, 
is  a  proof  of  their  industry  in  the  formation  of  this 
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species  of  road.  It  does  not  appear,  that  the  numerous 
roads  constructed  by  the  Romans,  were  for  the  purpose 
of  facilitating  internal  commerce; — their  appellation 
**  military  roads/'  at  once  indicates  the  purpose  fot 
which  they  were  intended. 

The  Romans,  it  is  therefore  probable,  were  the  first 
who  made  any  regular  roads  in  Great  Britain.  For  the 
purpose  of  £icilitating  the  subjection  of  the  inhabitants, 
and  to  secure  a  communication  at  all  times  between 
their  armies  occupying  different  quarters  of  the  island, 
they  formed  what  are  now  termed  **  military  roads," 
which  consisted  of  paths  stretched  across  the  country 
firom  one  place  to  another,  and  paved  with  large  stones. 
These  were  generally  of  very  considerable  lengths,  and 
made  to  pursue  a  straight  line  from  station  to  station, 
thus  affording  a  hard,  durable,  and  safe  road ;  infinitely 
superior  to  the  swampy,  sofl,  and  marshy  paths  indis- 
criminately formed  in  all  parts  of  the  country  by  its 
early  inhabitants.  Many  of  these  roads  are  yet  in  eX'^ 
istence  in  various  parts }  and,  as  may  be  expected,  con* 
sidering  the  purposes  for  which  they  were  originally 
intended,  they  are  very  uneven  and  undulating. 

The  "  military  stations,"  or  "  watch  towers,**  being 
generally  placed  upon  the  most  elevated  parts  of  the 
country,  for  the  purpose  of  watching  the  motions  of  the 
enemy;  these  roads  invariably  avoid  the  more  level 
parts  of  the  country,  and  stretch  from  hill  to  hill. 

The  paved  and  hard  roads  of  the  Romans,  would 
afford  a  comparatively  good  track  for  horses ;  but  as  the 
inhabitants  advanced  in  civilisation,  and  commerce  re- 
quired the  transportation  of  bulky  articles,  this  mode  of 
conveyance,  would  be  inconvenient,  and  inapplicable  to 
the  purpose. 

It  is  probable,  the  next  advance  of  interior  communi- 
catimi,  would  be  the  introduction  of  sledges,  where  the 
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articles  to  be  conveyed  were  placed  upon  a  square  frame 
of  wood,  which  was  dragged  along  by  the  horse ;  and 
when  the  goods  were  very  bulky,  the  united  efforts  of 
several  horses  could  be  thus  employed,  which  could  not 
be  done  when  it  was  laid  upon  thek  backs. 

It  is  very  uncertain  at  what  period  wheel  carriages 
were  first  introduced  into  Great  Britain ;  the  war- 
chariot  of  the  ancient  Britons,  formed  a  species  of  wheel 
carriage,  but  it  does  not  appear  that  at  that  period  they 
were  used  for  the  purposes  of  conveying  goods. 

The  Romans  would,  no  doubt,  introduce  many  of  the 
Eastern  articles  of  trade,  and  of  the  arts  ;  but  such  is  the 
force  of  habit,  that  it  appears,  long  after  the  invasion  of 
the  island  by  that  people,  the  ancient  inhabitants  re- 
tained their  native  habits  and  customs. 

By  degrees,  however,  when  civilisation  reached  a 
higher  degree  of  perfection,  and  commerce  became 
more  extended,  the  occurrence  of  articles  of  trade  or 
comfort,  in  the  interior  districts  of  the  country,  would 
enforce  the  adoption  of  some  mode  of  communication 
suitable  to  the  advanced  state  of  the  arts  and  manufec- 
tures  ;  and  the  use  of  wheel  carriages,  where  the  weight 
that  could  be  conveyed  by  a  horse,  would  be  consider- 
ably greater  than  either  what  he  could  drag  upon  a 
sledge,  or  carry  on  his  back,  would  proportionably  ex- 
tend the  facility  of  internal  traffic. 

On  the  first  introduction  of  military  roads,  they  were 
formed,  by  paving  the  track  whereon  the  horses  travelled 
with  large  stones,  or  with  small  pebbles  and  gravel 
arranged  with  peculiar  care,  and  beat  down  by  manual 
labour.  The  great  lines  of  communication  in  England, 
or  turnpike  roads,  have  all  been  established  and  sup« 
ported  by  legislative  enactments,  enabling  individuals 
who  advanced  the  money  for  the  construction  and 
repair  of  these  roads,  to  be  repaid,  by  levying  tolls  upon 
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the  traffic  passing  along  them ;  all  the  district  roads 
being  kept  in  repair  by  a  rate  or  tax  upon  the  occupiers 
of  the  property  in  the  district.  Recently,  all  the  roads 
in  the  country  have  been  very  much  improved,  by  the 
adoption  of  a  system  of  road-making  suggested  by  the 
late  Mn  M*Adam,  by  which  the  expense  of  keeping 
the  roads  in  repair  has  been  much  diminished,  and  the 
resistance  to  the  carriages  very  much  decreased. 

§  3. — Railways. 

The  next  alteration  in  interior  communication,  ap- 
pears to  have  been  the  substitution  of  wooden  railways^ 
in  place  of  the  common  or  military  roads  ;  and  these 
appear  to  have  been  first  adopted  in  insulated  districts, 
where  the  quantity  of  goods  to  be  transported  was  con- 
siderable, and  always  over  the  same  ground. 

It  is,  however,  very  difficult  to  trace  the  precise  date, 
when  railways  were  first  introduced  into  Great  Britain. 

Where  the  traffic  was  inconsiderable,  and  consisted 
of  various  articles,  to  be  conveyed  in  numerous  direo* 
tions,  the  difficulty  of  forming  roads  suitable  for  all 
parties,  and  the  expense  of  branching  them  off  to  all  the 
different  parts  where  the  goods  were  to  be  carried, 
would  operate  to  prevent  the  introduction  of  them,  as 
a  species  of  general  communication. 

The  most  probable  supposition  is,  that  the  adoption 
of  these  artificial  roads,  first  took  place  where  the  goods 
were  of  a  uniform,  and  of  a  heavy  description,  and  had 
to  be  conveyed  to  one  place  only,  and  where  the  quan- 
tity also  was  considerable.  Continually  passing  along 
the  same  road,  where  perhaps  the  materials  for  uphold- 
ing and  keeping  it  in  repair  were  expensive,  might  in- 
duce them  to  seek  out  some  remedy ;  and  it  is  not 
unlikely,  that  the  laying  down  of  timber,  in  the  worst 
parts  pf  the  road,  might  tend  to  the  introduction  of 
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wooden  rails  the  whole  distance.  Such  is  the  practice 
in  Russia,  and  it  appears  to  have  been  as  ancient  as 
civilisation  in  tliat  country. 

At  the  coal  works  in  the  neighbourhood  of  New- 
castle-upon-Tyne, the  expense  of  conveying  the  coals, 
from  the  pits  to  the  places  where  they  were  to  be 
shipped  by  sea,  would  be  very  great.  Down  to  the 
year  I6OO,  the  only  mode  appears  to  have  been  by 
carts  on  the  ordinary  roads,  and  in  some  instances  by 
^* panniers"  on  horseback. 

A  record  in  the  books  of  one  of  the  free  companies 
in  Newcastle,  dated  1602,  states,  **  That  from  tyme 
out  of  m3nid,  yt  hath  been  accustomed  that  all  cole- 
waynes  did  usually  carry  and  bring  eight  baulls  of  coles, 
to  all  the  staythes  upon  the  ryver  of  Tyne,  but  of  late 
several  hath  brought  only,  or  scarce,  seven  baulls.'' 
The  cost  of  transporting  such  a  heavy  article  as  coal 
along  common '  roads,  which  may  be  supposed  would 
not  be  of  the  best  description,  in  carts  containing  seven 
or  eight  bolls,  would  operate  very  powerfully,  in  acceler- 
ating the  introduction  of  some  improvement  in  the 
mode  of  con veyai^ce,  to  lessen  the  expense. 

In  a  work  published  at  Newcastle,  in  the  year  1649, 
by  a  Mr.  Gray,  called  **  A  Chorographia,"  or  survey,  of 
Newcastle-upon-Tyne,  the  following  account  of  the 
coal  trade  is  given  : — "  Many  thousand  people  are  em- 
ployed  in  this  trade  of  coales ;  many  live  by  conveying 
them  in  waggons  and  waines  to  the  river  Tyne,"  &c. 
And  in  page  31  of  the  same  work,  he  states,  <*  Some 
south  gentlemen  hath,  upon  great  losse  of  benefit,  come 
into  this  country  to  hazard  their  monies  in  coale  pits. 
Master  Beaumont,  a  gentleman  of  great  ingenuity  and 
rare  parts,  adventured  into  our  mines  with  his  ^30,000, 
who  brought  with  him  many  rare  engines  not  known 
then  in  those  parts,  as  the  art  to  boore  with  iron  rodds. 
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to  try  the  deepne&aie  and  thicknesse  of  the  coale ;  rare 
engines  to  draw  water  out  of  the  pits ;  waggons  with 
one  horse  to  carry  down  coales  from  the  pits  to  the 
staythes  on  tibe  river,  &c. ;  within  a  few  years  he  con- 
sumed all  his  money,  and  rode  home  upon  his  light 
horse.** 

Considering  that  the  carts  employed  in  conveying  the 
coals  were,  in  1602,  called  **  wajTies,**  and  the  car- 
riages introduced  by  Master  Beaumont,  **  waggons  ;'* 
and  also,  that  ever  ^nce  that  period  the  ourriages  em- 
ployed upon  railroads  have  been  designated  by  the 
latter  name,  we  may  infer,  that  the  **  waggon '^  of  Mr. 
Beaumont  was  applied  upon  a  railway,  and  that  he  was 
the  first  to  introduce  them  into  the  North. 

The  date  of  the  introduction  of  railways  as  a  sub« 
stitute  for  common  roads  at  Newcastle  would  then  be 
between  the  years  1602  and  1649;  probably  a  con- 
siderable time  prior  to  the  latter  period,  as  we  find 
Master  Beaumont  had  at  that  time  expended  his 
£SO,000. 

Whether  they  were  used,  in  any  other  part  of  the 
country  before  this  time  or  not,  I  have  not  had  the 
means  of  ascertaining. 

In  1676  they  are  thus  described :—"  The  manner 
of  the  carriage  is  by  laying  rails  of  timber  from  the 
colliery  to  the  river,  exactly  straight  and  parallel ;  and 
bulky  carts  are  made,  with  four  rollers  fitting  those 
rails,  whereby  the  carriage  is  so  easy  that  one  horse 
will  draw  down  four  or  five  chaldron  of  coals,  and  is 
immense  benefit  to  the  coal  merchants."  ^ 

At  that  time  it  is  probable  the  road  would  be  of  the 
simplest  construction,  consisting  of  single  rails  fastened 
upon  transverse  sleepers  stretched  across  the  road.    The 
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following  description  is  given  of  them  in  Jaa's  Voyages 
M6tallurgiques  in  1765  (vol.  i.  p.  199) :— "  When  the 
road  has  been  traced  at  six  feet  in  breadth,  and  where 
the  declivities  are  fixed,  an  excavation  is  made  of  the 
breadth  of  the  said  road,  more  or  less  deep,  accord- 
ing as  the  levelling  of  the  ground  requires.  There 
are  afterwards  arranged,  along  the  whole  breadth  of 
this  excavation,  pieces  of  oak  wood  of  the  thickness 
of  four,  five,  six,  and  even  eight,  inches  square ;  tliese 
are  placed  across,  and  at  the  distance  of  two  or  three 
feet  from  each  other  ;  these  pieces  need  only  be  squared 
at  their  extremities,  and  upon  these  are  fixed  other 
pieces  of  wood  well  squared  and  sawed,  of  about  six  or 
seven  inches  in  breadth  by  five  in  depth,  with  pegs  of 
wood ;  these  pieces  are  placed  on  each  side  of  the 
road  along  its  whole  length  ;  they  are  commonly  placed 
at  four  feet  distance  from  each  other,  which  forms  the 
interior  breadUi  of  the  road." 

This  kind  of  railroad,  shown  in  Figs.  1  and  2,  Plate  /., 
was  very  imperfect,  and  had  many  disadvantages. 
Though  probably,  at  first  made  of  greater  strength  thaa 
necessary  to  support  the  weight,  yet  by  frequent  use,  the 
rails  would  soon  become  reduced  in  depth,  by  the  action 
of  the  wheels,  and  would  break  long  before  they  were 
worn  through.  It  would  thus  be  necessary,  that  the 
rails  should  be  often  renewed ;  and  as  the  road  required 
to  be  always  of  the  same  width,  the  bearing  section  of 
the  sleepers,  by  the  frequent  perforation  of  the  holes,  to 
listen  the  rails  down,  would  soon  be  rendered  useless. 
Though  much  superior  to  the  common  roads,  in  point 
of  economy,  mid  of  transit ;  yet  the  frequent  renewal  of 
the  rails  and  ideepers,  would  be  attended  with  consider- 
able expense,  not  only  of  time,  and  labour,  but  also  in 
the  cost  of  the  material. 

The  waste  of  timber  thus  occasioned,  principally  by 
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the  raily  when  partly  worn,  being  insufficient  to  support 
the  weight  of  the  carriages,  and  being  therefore  thrown 
away,  would  no  doubt  produce  many  attempts  to 
remedy  the  inconvenience ;  and  it  is  not  improbable, 
but  the  addition  of  another  rail,  upon  the  sur£u:e  of  that 
which  rested  immediately  on  the  sleeper,  was  the  next 
improvement,  thus  forming  what  is  called  the  "  double 
way**  The  upper  rail,  or  that  subjected  to  the  action 
of  the  wheels  of  the  carriages,  could  then  be  almost 
completely  worn  away,  without  affecting,  to  a  great 
degree,  the  strength  of  that  which  supported  the  weight 
{Figs.  3  and  4,  Plate  I.)  This  description  of  raih-oad 
appears  to  have  continued  in  use  for  a  considerable 
period,  and  was  extensively  used  at  the  collieries  of 
Northumberland  and  Durham,  and  also  in  other  dis- 
tricts of  Great  Britain.  The  yielding  nature  of  the 
material,  especially  when  saturated  with  wet,  would 
create  very  considerable  resistance  to  the  wheels,  which, 
by  sinkuig  into  and  compressing  the  rails,  would  always 
form  a  rising  surface,  and  thus  impede  the  progressive 
motion  of  the  carriages ;  still,  a  horse  was  enabled  to 
convey  a  greater  weight  along  a  railway  of  this  kind, 
than  upon  a  common  road.  At  that  time  we  find  eight 
bolls  of  coals,  (equal  to  17  cwt.)  was  the  regular  load, 
for  a  horse  with  a  cart  or  wain  upon  the  common  roads, 
while  upon  the  railroad,  the  general  load  for  one  horse 
was  nineteen  bolls,  or  about  42  cwt. 

The  formation  of  the  railroad,  would  certainly  be 
attended  with  considerable  expense;  but  the  advan- 
tages derived  from  the  increased  load  would  soon  com- 
pensate for  this,  and  also  for  an  increase  of  expense  in 
keeping  up  the  rails.  -  In  general,  the  collieries  were 
situated  at  a  much  higher  level,  than  the  dep6t  or  places 
to  which  the  coals  were  to  be  conveyed ;  consequently 
tlie  miiroads  would  mostly  descend^  in  the  direction  of 
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the  load.  Except  levelling  down  abrupt  undulations, 
little  care  appears  to  have  been  taken  to  make  the 
road  with  an  uniform  descent;  as,  to  this  day,  those 
which  are  in  existence,  show  them  to  undulate  verjr 
considerably.  For  many  years  after  the  introduction 
of  the  wooden  railway,  a  waggon  containing  nineteen 
bolls,  or  about  42  cwt,  was  the  universal  load  attached 
to  a  horse,  and  the  road  was  levelled  accordingly ;  the 
only  desideratum  being,  it  would  appear,  to  enable  a 
horse  to  amvey  that  quantity. 

In  some  parts  of  the  road,  where  occasional  acclivities 
occurred,  which  could  not  be  levelled,  or  where  sudden 
windings  of  the  road  were  obliged  to  be  made ;  thin 
plates  of  wroiiglit  iron  were  laid  upon  the  surface  of 
the  rails,  and  fastened  down  with  common  nails,  to 
diminish  tlie  resistance  opposed  to  the  wheels,  and 
equalise  the  draught  of  the  horse.  This,  no  doubt, 
would  be  foimd  a  great  improvement,  not  only  in 
diminishing  the  friction,  but  also  in  preventing  the  rails 
from  wearing.  Yet  we  do  not  find  the  use  of  them  much 
extended,  beyond  the  above-named  instances  ;  probaUy^^ 
from  the  difficulty  of  keeping  the  plates  &st  upon  the 
rails ;  as  the  nails,  by  the  elasticity  of  the  wood,  would 
be  constantly  working  loose,  and  occasioning  a  continual 
expense  in  keeping  them  right.  Upon  the  whdk, 
however,  the  use  of  such  plates  would,  in  many  cases, 
be  attended  with  considerable  benefit ;  and  might,  had 
they  not  been  superseded  by  the  introduction  of  a  diffe- 
rent kind  of  road,  have  been  much  improved. 
•  About  this  period,  in  all  the  extensive  mining  dis- 
tricts, we  find  canals  the  only  system  of  internal  com- 
munication for  general  traffic  ;  and  these  by  the  inde- 
fatigable and  enterprising  genius  of  Brindley,  assisted 
by  other  eminent  engineers,  were  carried  into  every 
quarter  of  the  island.     Railways  were  thus  confined  to 
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a  very  limited  and  subordinate  sphere  of  acfion  ; —  to 
short  distances,  or  over  uneven  or  highly  inclined 
ground,  where  the  number  of  locks  required,  precluded 
the  use  of  canals.  The  attention  of  all  scientific  men, 
being  thus  absorbed  in  another  species  of  conveyance, 
the  subject  of  railways  would  be  little  attended  to  ;  and 
this,  peiiiaps,  will  account  for  the  slow  progress  made 
in  the  improvement  of  them,  compared  with  that  of  the 
other  mode  of  conveyance  ;  accordingly,  we  find  a  long 
period  intervene,  after  the  introduction  of  wooden  rail- 
wajTS,  before  the  application  of  any  other  material. 

The  diminution  of  friction,  by  the  malleable  iron 
plates,  upon  the  wooden  rails,  is  very  likely  to  have 
suggested  the  prc^riety  of  using  that  material  entirely ; 
butwe  cannot  find,  that  wrought  iron  was  any  where  used 
alone,  until  within  a  very  recent  period.  The  next  im- 
provement, in  the  order  of  time,  and  also  of  importance, 
appears  to  have  been  the  use  of  cast  iron,  as  a  sub- 
stitute for  the  wooden  rails }  and,  like  the  introduction 
of  railways,  though  comparatively  of  a  very  modem 
date,  the  precise  period  of  its  first  adoption  is  involved 
m  mystery. 

A  late  anonymous  author  says,  without  advancing 
his  authority,  "  that,  in  1738,  cast-iron  rails  were  first 
substituted  for  wooden  ones;  but,  owing  to  the  old 
waggons  continuing  to  be  employed,  which  were  of  too 
much  weight  for  the  cast  iron,  they  did  not  completely 
succeed  in  the  first  attempt.  However,  about  I768,  a 
simple  contrivance  was  attempted,  which  was  to  make 
a  number  of  smaller  waggons,  and  link  them  together, 
and  by  thus  diffusing  the  weight  of  one  large  waggon 
into  many,  the  principal  cause  of  the  failure  in  the  first 
instance  was  removed,  because  the  weight  was  more 
divided  upon  the  iron.**  (Trans.  Highland  Society, 
voL  vi.  p.70     It  is  somewhat  singular,  when  the  fsdlure 
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of  the  attempt  to  introduce  cast  iron,  arose  from  the 
want  of  strength  in  the  rails,  it  should  require  thirty 
years  to  discover,  that,  with  a  lighter  load,  they 
could  be  made  to  answer.  Mr.  R.  Stevenson  of  Edin- 
burgh, whose  inquiries  into  railroad  conveyance  have 
been  pretty  extensive,  states,  "  I  some  years  since 
visited  tlie  great  iron-works  of  Colebrook  Dale,  in 
Shropshire,  where  cast  iron  was  indisputably  first  applied 
to  the  construction  of  bridges ;  and  according  to  the-^ 
information  which  I  have  been  able  to  obtain,  it  was 
here  also  that  railways  of  that  material  were  first  con- 
structed. It  appears,  from 'the  books  of  this  extensive 
and  long-established  Company,  that  between  five  and 
six  tons  of  rails  were  cast  on  the  13th  of  November  I767, 
as  an  experiment,  on  the  suggestion  of  Mr.  Reynolds, 
one  of  the  partners.*' 

I  think  there  is  every  reason  to  believe  that  the 
latter  is  the  more  probable  term  of  the  first  introduction 
of  cast-iron  rails.  In  the  first  place,  iron  wheels  were 
not  used  until  about  1753,  and  at  that  time  only  very 
partially,  and  it  was  not  until  several  years  after  that 
they  came  into  general  use ;  so  long,  therefore,  as 
wooden  wheels  were  made  use  of,  we  may  suppose  cast- 
iron  rails  had  not  been  invented. 

Mr.  Curr,  in  his  "  Coal  Viewer  and  Engine  Builder/' 
published  in  1797i  says,  "  the  making  and  use  of  iron 
railroads  were  the  first  of  my  inventions,  and  were 
introduced  at  the  Sheffield  colliery,  about  twenty-one 
years  ago.''  This  would  make  the  date  of  their  intro- 
duction about  17769  which  is  subsequent  to  that  of 
Colebrook  Dale. 

The  next  improvement  was  the  introduction  of  mallea- 
ble iron  rails ;  about  the  year  1805  they  were  tried  at 
Walbottle  Colliery  near  Newcastle-upon-Tyne  by  Mr. 
C.  Nixon ;  the  rails  were  square  bars,  two  feet  in  length, 
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they  were  joined  together  by  a  half-lap  joint,  with  one 
pin,  one  end  of  the  rail  projecting  beyond  the  end  of 
the  adjoining  one,  two  or  three  inches.  Their  use  at 
this  time  was  not  extended,  the  narrowness  of  their  sur- 
face, would  cut  and  indent  the  periphery  of  the  wheels 
of  the  carriages ;  and  they  were  on  that  account  super- 
seded)  by  the  cast-iron  rails  with  a  broader  surface. 

Mr.  R.  Stevenson  of  Edinburgh  states,  that  malleable 
iron  rails  were  iirst  introduced  at  Lord  Carlisle's  coal- 
works,  at  Tindale  Fell,  Cumberland,  in  1815.  As  above 
stated,  they  were  used  long  before  that  period  near  New- 
castle i  he  must  also  have  been  misled  as  to  their  intro- 
duction at  Tindale  Fell,  as,  according  to  Mr.  Thompson^ 
the  present  agent,  they  were  laid  down  on  that  railroad 
in  1808. 

The  use  of  malleable  iron  rails  was  extremely  limited 
until  1820,  when  Mr.  John  Birkinshaw,  of  the  Bediing* 
ton  iron-works,  obtained  a  patent  for  an  improvement  of 
their  form.  Previously  to  this,  their  section  was  rec- 
tangular ;  and  either  the  narrowness  of  their  surface  pro^^ 
duced  great  injury  to  the  wheels ;  or,  by  increasing  the 
breadth,  the  sectional  area  was  increased,  and  conse- 
quentiy  their  cost  became  so  great,  as  to  exceed  that  of 
cast  iron,  and  thus  cause  the  latter  to  be  preferred. 
Mr.  Birkinshaw  produced  a  rail,  which  combined  the 
same  bearing  surface  as  the  cast-iron  rails,  with  that 
form  which  likewise  exhibited  the  greatest  strength, 
and  thus  obviated  the  objections  to  the  use  of  those 
rails.  Various  modifications  of  Mr.  Birkinshaw's  form 
of  rail  have  since  been  adopted,  but  this  principle  of 
manufacture  now  forms  the  description  of  rails  most 
generally  used.  Their  safety,  in  rapid  rates  of  travelling, 
renders  the  use  of  them  almost  indispensable }  and  they 
have,  on  that  account,  entirely  superseded  the  use  of  cast 
iron,  on  all  public  railroads. 
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§  4. —  Canals. 

Having  thus  given  a  brief  history,  of  the  introduction 
of  railroads,  as  a  species  of  internal  communication ;  we 
shall  now  proceed  to  give,  a  short  sketch  of  the  intro- 
duction of  canals,  as  another  mode  of  artificial  inter- 
course, for  the  purposes  of  commerce,  and  general  traffic. 

Canals,  it  appears,  were  used  in  Egypt,  long  before  the 
invasion  of  Great  Britain,  by  the  Gauls  ;  in  China,^  their 
introduction,  is  said  to  have  taken  place,  at  a  very  early 
date.  Their  utility  and  extension,  as  a  means  of  in- 
tenor  communication,  would,  however,  be  restricted  to 
particular  places,  until  the  invention  of  locks,  by  which 
they  could  be  extended  into  the  interior  of  countries,  of 
considerable  elevation  above  the  sea«  It  is  somewhat 
doubtful,  when  this  contrivance  was  first  adopted,  but 
it  is  certain,  that  locks  were  constructed  upon  the  Milan 
Canali  about  the  end  of  the  fifteenth  century ;  and  that  they 
were  introduced  into  France,  upon  the  canal  of  Briare^ 
in  the  reign  of  Henry  IV.,  and  very  extensively  used 
in  the  canal  of  Languedoc,  in  the  reign  of  Louis  XIV. 

The  attempt,  to  form  the  Sanky  Brook  into  a  navi- 
gable canal,  from  the  river  Mersey  to  St  Helans,  in 
Lancashire,  in  1755,  appears  to  have  been  the  first  of 
the  kind  in  England ;  and  since  that  period,  they  have 
been  extended  into  almost  every  quarter  of  the  island. 
Such  was  the  rapidity  of  their  extension  in  England, 
that,  between  the  years  I76O  and  1803,  no  less  than 
2295  miles  of  canal  were  opened* 

Until  very  recently,  canals  have  been  used  exclusively 
for  the  transport  of  heavy  goods,  merchandise,  and 
passage  boats,  at  a  moderate  rate  of  speed.  Within  a 
few  years,  attempts  have  been  made  to  convey  passen- 
gers at  a  quicker  rate  of  speed,  and,  in  some  cases, 
apparently  with  success. 
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It  is  not  necessary,  here,  to  pursue  the  history  of 
internal  communication  further,  as  we  shall  have  to 
illustrate  this  more  particularly  hereafter.  The  bene- 
fits resulting  to  commerce,  from  a  cheap  and  expeditious 
communication,  between  one  place  and  another,  for  the 
conveyance  of  goods,  being  so  very  evident,  need  no 
comment}  the  importance  has  been  discussed  and 
admitted,  by  every  political  economist.  In  a  manu- 
&cturing,  and  commercial  nation,  the  &cility  of  trans- 
porting goods  from  the  place  where  the  raw  material 
is  produced,  either  to  the  consumer  directly,  or  to  the 
manufacturer,  and  from  thence  to  the  consumer,  is 
not  only  a  subject  of  essential  importance ;  but,  next 
to  the  value  of  being  able  to  manufacture  cheaply,  and 
in  a  superior  manner,  enables  that  country,  where  such 
facilities  are  afiforded,  not  only  to  carry  on  a  successful 
competition  with  other  countries  less  favoured,  but  also 
to  support  a  pre-eminence  in  the  market,  which  is  the 
great  desideratum,  in  all  commercial  speculations. 

If  the  importance  of  facilitating  commerce,  by  a  cheap 
and  expeditious  mode  of  conveyance  required  illus- 
tratiout  every  political  economist,  who  has  written  on 
the  subject  may,  therefore,  be  quoted  in  support  of  it. 
This  does  not,  however,  come  within  the  limits  which 
we  have  prescribed  to  ourselves,  in  the  present  Work.  It 
has  already  been  discussed,  in  every  shape,  in  the  diffe- 
rent periodical  publications,  and  also  in  some  works 
written  expressly  for  the  purpose.  The  only  question 
which  we  have  undertaken  is,  to  ascertain,  what  species 
of  internal  communication,  presents  those  conditions  in 
the  greatest  perfection. 

Without  anticipating,  at  this  early  stage  of  the  Work, 
conclusions,  which  can  only  be  obtained  by  the  result 
of  ulterior  deductions,  derived  from  detailed  observ- 
ationsy  and  experiments  j  it  may  be  necessary,  brie  fly 
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to  state,  that  the  competition  seems  almost  wholly  to 
rest  between  railroads,  and  canals.  It  may  be  a  ques- 
tion, in  many  cases,  where  the  traffic  and  intercourse  is 
inconsiderable,  if  railroads  can  compete  with  existing 
common  roads,  in  the  economy  of  conveyance  of  goods 
and  passengers ;  but  whether  railroads  be  proposed  to 
isupersede  canals,  or  common  roads,  it  is  alike  a  subject 
of  the  deepest  importance,  to  be  fully  acquainted  with 
their  nature,  construction,  and  the  extent  of  their 
capabilities,  as  a  mode  of  internal  communication. 

The  sudden  change  in  the  public  opinion,  respecting 
the  superiority  of  railroad  to  canal  conveyance,  may 
excite  surprise  in  the  minds  of  many  ;  on  more  atten« 
tive  consideration,  however,  it  will  be  seen  to  result 
from  the  natural  course  of  events,  and  to  be  what,  from 
the  nature  of  the  two  modes,  might  have  been  antici- 
pated. No  doubt,  the  capital  and  enterprize  of  the 
country,  may  have  operated  to  accelerate  the  result ; 
but  the  real  cause  proceeds,  from  the  peculiar  character 
and  condition  of  the  two  modes. 

At  the  time  of  the  introduction  of  canals  into  Great 
Britain,  railroads  were  in  a  state  of  relative  insignificance, 
compared  with  the  character,  which  they  at  present 
assume  ;  like  other  arts,  they  have  been  gradually,  and 
progressively  improving ;  and,  since  the  application  of 
steam  power,  to  drag  the  carriages  upon  them,  and 
more  particularly,  since  the  discovery  of  producing  such 
immense  volumes  of  steam,  so  rapidly,  with  boilers  so 
very  small  and  portable,  they  have  attained  a  feature 
of  value,  which  entitles  them  to  the  most  serious  atten* 
tion  of  the  public. 

Canals,  ever  since  their  adoption,  have  undergone 
little  or  no  change;  some  trivial  improvements  may 
have  been  effected,  in  the  manner  of  passing  boats  from 
one  level  to  another,  and  light  boats  have  been  applied 
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for  the  conveyance  of  passengers ;  but  in  their  general 
economy,  they  may  be  said  to  have  remained  stationary. 
Their  nature  almost  prohibits  the  application  of  mecha^ 
nical  power  to  advantage,  in  the  conveyance  of  goods 
and  passengers  upon  them ;  and  they  have  not,  there-* 
fore,  partaken  of  the  benefits  which  other  arts  have 
derived  from  mechanical  science. 

The  reverse  of  this  is  the  case  with  railroads ;  their 
nature  admits  of  the  almost  unrestricted  application  of 
mechanical  power  upon  them,  and  their  utility  has  been 
correspondingly  increased. 

No  wonder,  then,  that  canals,   which  at  one  time 
were  unquestionably  superior  to  railroads,  in  general 
economy,  by  remaining  in  a  state  of  quiescence,  should 
at  some  period  or  other  be  surpassed  by  the  latter, 
which   have  been  daily  and  proj^essively  improving, 
and  that  time  has  arrived.     The  human  mind  is  gene* 
rally  averse  and  dow,  in  adapting  itself  to  the  changes  of 
circumstances;  and  from  this  cause,  the  competition 
might  not  have  been  so  speedily  brought  into  action, 
had  not  the  prosperity  of  the  country,  and  the  enterprise 
of  its  merchants,  induced  capitalists  to  seek  out  every 
source  of  speculation,  affording  the  least  prospect  of 
success.    The  natural  course  of  events  would,  however, 
soon  have  developed  the  real  situation  of  the  two  modes 
in  their  respective  relations  to  each  other ;  and  though 
the  time  might  have  been  prolonged  when  railroads 
were  to  be  brought  into  active  coo^petition  with  canals, 
yet  its  arrival  would  not  be   the  less  certain.     One 
might  be  led  to  suppose,  that  the  question  could  readily 
be  solved  by  an  appeal  to  facts,  or  by  the  comparison 
of  particular  canals  with  similar  railways ;    but  it  is 
here,  we  presume,  where  the  difficulty  lies.    We  cannot, 
perhaps,  find  canals  and  railways  whose  external  features 
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are  precisely  the  same ;  we  are  obliged,  therefore,  to 
have  recourse  to  a  comparison  of  general  fact3,  or  prin- 
ciples peculiar  to  each  mode,  which,  again,  cannot  be 
accomplished  unless  we  are  fullj  and  intimately  ac« 
quainted,  with  all  the  various  properties  and  chsu^acieris- 
tics  of  each  system.  The  want  of  proper  data  was  felt ; 
and  it  was  with  a  view  of  furnishing  these  that  the 
present  Work  was  undertaken ;  which,  by  a  concise, 
and  at  the  same  time  sufficiently  explicit,  description  of 
the  construction,  uses,  and  advantages  of  railroads, 
together  with  an  elucidation  of  the  various  principles 
of  their  action,  might  enable  the  reader  to  make  a 
comparison  with  other  modes  of  internal  communica- 
tion, and  thus  form  a  judgment  of  their  relative  value. 

The  present  state  of  commerce  requires,  that  goods 
should  be  conveyed  from  place  to  place  with  the  utmost 
rapidity,  and  perhaps  we  owe  no  small  portion  of  our 
mercantile  prosperity,  to  our  facility  of  despatch.  The 
slow,  tardy,  and  interrupted  transit  of  canal  navigation, 
must  therefore,  of  necessity  yield  to  other  modes, 
affording  a  more  rapid  and  certain  means  of  convey- 
ance, (especially  when  their  relative  economy  is  the 
same),  unless  they  can  be  made  to  partake  of  the  general 
activity,  and  additional  celerity  be  given  to  the  boats 
conveyed  upon  them. 

At  the  time  of  the  publication  of  the  first  and  second 
editions  of  this  Work,  scarcely  any  experiments  had 
been  made  on  a  large  scale,  to  elucidate  the  capabilities 
of  canal  navigation, — none,  certainly,  satisfactory  ;  since 
then,  the  competition  of  railways  has  aroused  the  dormant 
spirit  of  the  canal  proprietors,  and  various  experiments 
have  been  made,  to  ascertain  the  amount  of  resistance  of 
boats  dragged  at  different  velocities;  attempts  have 
been  likewise  made,  to  adapt  the  power  of  steam  to 
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propel  the  boats  upon  them,  and  other  expedients  have 
been  adopted,  to  increase  their  activity,  as  a  mode  of 
traffic,  and  especially  for  the  conveyance  of  passengers. 
So  &r  as  we  are  able,  and  with  the  information  which 
a  restricted  inquiry  has  enabled  us  to  acquire,  upon  the 
subject  of  so  important  a  question  ;  it  will  be  our  duty, 
to  place  those  modes  in  competition  with  each  other, 
before  the  public  fairly  {uid  impartially. 
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CHAPTER  II. 

DESCRIPTION  OF  RAILS  AND  PROGRESS  OF 

RAILROADS. 

§  I. —  Wooden  Rails, 

1  HE  kind  of  railroad  first  introduced  into  England,  was 
the  wooden  railway.  Figs,  1  and  2,  Plate  /.,  represent 
an  elevation,  and  plan,  of  the  wooden  railway  as  origi- 
nally constructed,  or  what  was  called  the  "  single  way  ;*' 
/la,  oa,  are  wooden  rails,  about  four  inches  square,  laid 
parallel  to  eacli  other,  upon  the  sleepers  or  transverse 
bearing  rails,  b  b,b  b.  The  mode  of  fastening  them 
together,  was  by  means  rf  pins  or  pegs  of  wood,  sliewn 
at  c  c,  holes  being  bored  through  the  rail  and  sleeper, 
and  the  pins  driven  through  the  rail,  and  about  lialf 
way  through  the  sleeper. 

The  rails  are  generally  six  feet  long,  and  the  sleepers 
laid  two  feet  apart ;  the  ends  of  tlie  two  rails  meet 
together  upon  the  same  sleeper,  as  at  c^c''y  and  the  two 
pins  being  driven  into  the  same  sleeper,  while  they 
fasten  the  ends  of  the  rail  down,  they  likewise  prevent 
them  separating  from  each  other.  The  surface  of  the 
road  being  levelled,  to  as  nearly  an  uniform  level,  or 
slope  as  practicable,  the  rails  were  laid  down,  and  the 
road  material  levelled,  to  the  height  of  the  upper  sur- 
face of  the  sleeper,  or  to  the  lower  surface  of  the  rail. 

To   secure  the  free  passage  of  the  flanch  of  the 

wheels,  along  the  sides  of  the  rails,  little  or  no  road 

material  could  be  laid  above  the  level  of  the  top  of  tlie 

sleepers  j  the  action  of  the  horses*  feet  soon,  therefore, 

wore  the  sleepers  through  :  added  to  this,  the  frequent 

perforation  and  insertion  of  the  pins,  through  the  same 

part  of  the  sleepers,  rendered  them  unserviceable.   These 
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defects    led  to   the  adoption  of  what  is  termed  the 
"double  way/' 

Figs.  3  and  4,  Mate  /.,  are  representations  of  this  form 
of  rail ;  a  a  are  the  rails  fastened  down  upon  the  cross 
sleepers,  bbbb,  as  in  the  *^ single  way ;''  o^ af^  rails  laid 
upon  tliose,  and  firmly  secured  to  them  by  wooden  pins^ 
in  the  same  manner  as  the  rails  of  the  single  way  are 
fastened  to  the  sleepers.  In  the  •* single  way'*  the 
joinings  of  the  rails  are,  necessarily,  upon  a  sleeper,  as 
shown  at  c  c.  Figs.  I  and  S ;  but  in  the  double  way  the 
upper  sui&ce  of  the  under  rail  being  quite  level,  the 
joining  of  the  upper  rail  can  be  made  in  any  part  of 
its  length,  and  not  upon  a  sleeper*  cf  c",  Fig.  3,  shows 
the  joinings  of  tlie  upper  rail,  midway  between  the 
sleepers ;  but  this  can  be  varied  at  pleasure,  and  con- 
sequently, prevents  the  under  rail  from  being  destroyed, 
by  the  frequent  perforation  of  the  pinholes  in  the  same 
place,  which  was  the  great  defect  of  the  single  way. 

The  sleepers  of  this,  as  well  as  of  the  single  way,  were 
generally  formed  from  the  young  sapling  or  strong 
branches  of  the  oak,  obtained  by  thinning  the  planta* 
lions }  and  were  six  feet  long,  by  four  to  five  or  six  inches 
in  thickness,  and  about  the  same  breadth.  At  their  first 
introduction,  the  under  rail  of  the  double  way  was 
generally  of  oak,  but  afterwards  fir  was  substituted ; 
they  were  generally  six  feet  long,  reaching  across  three 
sleepers,  each  two  feet  apart,  and  about  five  inches 
broad  on  the  surface,  by  four  or  five  inches  in  depth. 
The  upper  rail  was  of  the  s^me  dimensions,  and  was 
almost  always  made  of  beech,  or  sycamore. 

The  surface  of  the  ground  being  formed  into  the 
required  level,  or  inclination,  for  about  six  feet  in  widtli 
from  the  pits  to  tlie  staiths,  or  the  whole  length  of  the 
intended  railroad,  or  "  waggon-way,'*  as  it  was  termed ; 
the  sleepers  were  then  laid  down,  two  feet  distant,  and 
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the  under  rail  properly  secured  to  them.  The  ashes  or 
material,  forming  the  surface  of  the  ground,  were  then 
beat  firmly  against  the  under  sur&ce  of  the  rail,  for  the 
purpose  of  strengthening  it,  and  making  it  more  rigid  ; 
the  upper  rail  was  then  placed  upon  the  other,  and 
firmly  bound  down  by  the  pins  or  pegs  of  wood,  and 
the  road  material  filled  up  to  the  height  of  the  upper 
surface  of  the  under  rail. 

This  combination,  had  many  obvious  advantages  over 
the  single  rail  j  for,  independently  of  the  waste  of  timber 
before  described,  by  the  frequent  perforation  of  the  pins, 
the  destruction  of  the  sleepers,  in  the  single  rail  by  the 
feet  of  the  draught  horses,  was  very  considerable. 

The  double  rail,  likewise,  by  allowing  the  inside  of  the 
road,  to  be  filled  up  with  ashes  or  broken  stones,  to  the 
under  side  of  the  upper  rail ;  and  consequently  raising 
the  path  of  the  horses,  four  or  five  inches  above  the  level 
of  the  sleepers,  thus  effectually  secured  the  sleepers, 
from  the  action  of  the  feet  of  the  horses. 

The  use  of  wooden  railways,  has  not  been  much 
extended  in  England,  beyond  that  of  the  early  stage  of 
railway  communication  ;  as  before  stated,  it  was  mostly 
used  on  the  colliery  railways,  in  the  north  of  England, 
before  the  introduction  of  cast  iron ;  and  as  it  could  not 
compete  with  that  material,  either  in  durability,  or  with 
the  quantity  of  work  which  could  be  done  upon  it,  the 
latter,  or  wrought  iron,  has  almost  entirely  superseded 
its  application,  as  a  railway. 

As  previously  stated,  in  some  parts  of  the  colliery 
railways,  where  the  draught  was  heavy,  a  plate  or  bar 
of  malleable  iron,  was  laid  along  the  upper  surface  of 
the  rail,  on  which  the  wheels  rolled;  this  plate  was 
generally  about  two  inches  broad,  and  half  an  inch  in 
thickness ;  and  was  fastened  to  the  wooden  rail,  by  naik 
counter^sunk  into  the  iron  bar« 
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This  contrivance  was  adopted,  however,  more  with  a 
view  of  equalising  the  draught,  upon  tlie  undulating 
sur&ce  of  the  railway,  than  as  a  distinct  kind  of  raUwa^r ; 
for  we  cannot  find  that,  any  entire  line  of  rsulway  was 
ever  constructed  of  this  description^  but  only  those 
portions  where  any  occasional  increased  inclination  of 
the  road  existed  r  and  although  the  addition  of  the 
plate  of  iron,  tended  in  a  great  degree  to  form  a  rigid 
and  smooth  sur&ce,  and  consequently  diminished  the 
resistance  to  a  certain  extent ;  yet  the  bar  not  being  of 
sufficient  thickness,  a  considerable  bending  took  place, 
when  the  carriages  were  loaded,  and  the  re^tance  was 
consequently  very  little  reduced,  below  that  of  a  well 
constructed  double  wooden  railway; 

In  the  United  States  of  America,  where  iron  is  costly^,, 
and  timber  plentiful  and  cheap,  a  greater  temptation 
exists  for  railways  of  this  description,  and  we  accord- 
ingly find  that,  a  great  proportion  of  the  railways  in  that 
country,  consist  of  timber  plated  with  iron.  The  abun*- 
dance  and  cheapness  of  timber  has,  however,  enabled 
the  Americans  to  improve  this  description  of  railroad, 
£ir  beyond  what  it  existed  originally,  or  what  the  capa- 
bilities of  England  afforded.  The  sleepers  of  the 
American  railroads,  are  generally  made  of  white  oak> 
from  eight  to  ten  inches  broad,  and  ten  inches  deep ; 
two  parallel  trenches  are  cut  along  the  line  of  railway, 
and  c£  a  distance  from  each  other,  equal  to  the  width 
between  tlie  rails ;  these  trenches  are  filled  with  broken 
stones  or  gravely  on  which  the  wooden  rails  are  laid ; 
similar  trenches  are  cut  across,  and  filled  with  broken 
stone,  for  the  sleepers  to  rest  upon.  This  foundation, 
for  the  rails  and  sleepers  effects  two  objects ;  it  not 
only  acts  as  a  drain,  to  keep  the  rails  and  sleepers  dry, 
but  the  stones  and  gravely  being  spread  and  levelled 
down  to  a  firm  and  level  surface,  it  forms  a  very  con- 
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sidet'able  support  to  the  rails.  The  scantling  of  the 
rails,  are  five  to  six  inches  broad,  and  seven  to  ten  inches 
deep ;  they  are  not  always  fastened  to  the  sleepers,  with 
pins  of  hard  wood ;  the  outer  side  of  the  rail  is  squared 
vertical,  the  inner  side  inclined,  making  it  wider  at 
the  bottom  than  the  top  ;  a  notch  is  cut  in  the  sleeper 
corresponding  with  this  form  q£  the  rail,  into  which  it 
is  laid,  and  a  wedge  being  driven  against  the  outer  side, 
presses  the  bevelled  edge  of  the  rail  into  the  notch,  and 
it  is  thus  prevented  from  rising  upwards.  This  plan 
was  adopted  on  the  railways  in  the  State  o£  Pennsyl- 
vania, where  railways  were  first  introduced  into  Ame- 
rica. Another  mode  has  been  ad(^ted  in  that  state 
by  Moncure  Robinson,  the  sleepers  are  imbedded 
deeply  in  the  ground,  and  thus  protected  from  the  feet 
of  the  horses  and  the  action  of  the  air }  square  blocks 
^of  locust  or  other  durable  timber  are  attached  to  them 
by  trenails  near  their  extremities,  and  projecting  abov0 
them  to  the  sur&ce ;  the  rails  rest  in  notches  cut  into 
these  blocks,  as  previously  described,  and  are  kept  in 
their  proper  position  by  keys  or  wedges.  In  some 
caseSf  detached  blocks  of  oak  two  feet  square,  are  used 
to  support  the  rails. 

The  bar  or  plate  of  iron,  laid  upon  the  top  of  the 
rails,  is  generally  from  two  to  two  and  a  quarter  inches 
broad,  and  half  an  inch,  to  five  eighths  of  an  inch 
thick }  it  is  cut  off  obliquely  at  the  ends,  to  prevent 
the  jarring  of  the  wheels,  by  square  joints;  and  is 
fastened  to  tlie  rails  by  iron  spikes,  mostly  about  four 
and  a  half  inches  long,  which  pass  through  oblong 
holes  pierced  in  the  bars  eighteen  inches  apart.  In 
some  places,  a  small  piece  of  sheet  zinc,  is  placed  beneath 
t!ie  ends  of  the  iron  rails,  to  prevent  them  sinking  into 
the  wood. 
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S  Q.—  CasUran  RaiU.     Plate  Bad. 

We  have  previously  stated,  that  cast  iron  was  first 
adopted  for  rails  about  the  year  I767  i  Figs.  5,  6,  and  7, 
Plate  Ly  shew  the  form  of  these  rails,  used  by  Mr.  Curr 
for  an  underground  railway,  at  the  Duke  of  Norfolk's 
colliery  near  Sheffield,  in  1776,  and  which  were  called 
the  "  plate  raiL**  These  rails,  as  shewn  in  the  plates, 
consist  of  a  fllit  bar  of  cast  ircm,  c  e^  with  an  upright 
ledge,  cdyfox  the  purpose  of  keeping  the  wheels  upon 
the  line  of  the  former ;  they  were  generally  made  six 
feet  long,  the  flat  part  of  the  rail  and  upright  ledge 
being  each  about  two  inches ;  near  the  ends  of  the 
rail  small  holes  were  cast  in  the  base,  through  which 
nails  or  wooden  pins  were  driven  into  the  wooden 
sleeper  shevm  at  b'  V^  the  latter  being  generally  of  the 
same  description,  as  those  used  in  the  wooden  railway 
previously  described  in  Figs.  1  and  2. 

As  shewn  in  Figs.  5  and  6,  the  joinings  of  the  rails 
were  quite  square,  two  pins,  b' b\  being  used  at  the 
joining,  and  one  pin,  i,  at  the  intermediate  sleeper. 

Various  forms  of  this  kind  of  rail  have  been  used, 
either  with  wooden  sleepers,  stretched  across  the  whole 
breadth  of  the  railroad,  as  in  Figs.  1  and  2 ;  or  with 
square  wooden  sleepers,  as  shown  in  Figs.  5, 6,  and  7f 
on  which  the  rails  were  nailed. 

In  the  year  1800,  we  are  told  that  Mr.  Benjamin 
Outram,  an  engineer,  in  adopting  this  rail  on  the  public 
railway  at  Little  Eton  in  Derbyshire,  first  introduced 
stone  props  instead  of  timber  for  supporting  the  ends, 
and  joining  of  the  rails. 

Mr.  Outram,  however,  was  not  the  first  who  made 
use  of  stone  supports,  as  the  late  Mr.  Barns  employed 
them,  in  forming  the  first  railroad  which  was  laid  down 
in  the  neighbourhood  of  Newcastle-upon-Tyne,  viz., 
from  Lawson  Main  colliery,  to  the  river,  in  1797- 
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This  kind  of  rail,  has  undei'gone  many  alterations  in 
form,  since  it  first  came  into  use. 

Fig.  8,  Plate  /.,  is  an  elevation,  Fig.  9  a  plan,  and 
Fig.  10  a  section,  of  tlie  most  improved  form  of  tliis  kind 
of  rail ;  cccc^  are  the  rails  placed  upon  stcme  supports, 
as  shewn  in  Figs.  8  and  %  at  the  ends  of  each  rail, 
where  they  are  laid  against  each  other  on  the  stone 
support ;  a  small  square .  piece  is  left  out  in  casting  the 
metal,  increasing  in  size  upwards,  or  bevelled,  so  that 
when  the  two  ends  are  laid  together,  they  form  a  square 
hole  through  the  ends  of  the  rail,  narrowing  down- 
wards ;  a  perfectly  level,  or  horizontal  groove  is  then 
made  on  the  top  of  the  stone,  and  the  rail  imbedded  on 
it ;  a  hole  larger  than  the  square  hole  of  the  rails  is 
drilled  into  the  stone  about  half  the  depth,  into  which 
is  inserted  a  wooden  plug,  shewn  at  ^,  Fig.  8,  and  an 
iron  pin,  &,  is  then  driven  into  this  plug  through  the 
hole  in  the  rails ;  which  pin,  having  a  bevelled  head, 
fastens  them  down  to  the  stone,  one  half  of  the  pin 
securing  one  rail,  and  the  other  half  the  adjoining  rail, 
as  shewn  in  the  drawing ;  these  rails  are  generally  from 
three  to  four  feet  long. 

F^g.  10,  is  a  section  of  the  rail ;  a  rf,  the  base  of  the 
rail  or  wheel-track,  about  four  inches  broad  and  an 
inch  thick,  and  which  is  made  quite  level ;  d  e,  the 
flange  or  upright  ledge  to  keep  the  wheel  upon  the 
base,  a  c/,  of  the  rail ;  and  afa^  Figs.  8  and  10,  the 
flange  projecting  downwards  to  strengthen  the  rail. 
The  upright  flange,  is  the  same  height  throughout  the 
whole  length  of  the  rail,  as  shown  in  Fig.  8  or  10,  being 
no  higher  than  is  necessary  to  secure  the  wheel  upon 
the  proper  track,  and  which  of  course,  requires  no 
greater  depth  in  one  part  than  another ;  and  the  height 
adding  to  the  friction  of  the  carriage-wheels^  it  should 
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tlierefore  be  made  as  low  as  possible ;  hence,  we  find 
it  never  exceeding  three  inches. 

This  restriction  in  the  height  of  the  upright  ledge 
limits  the  form  of  the  section,  and  renders  it  not  that 
of  the  greatest  strength,  the  resistance  to  fracture  being, 
as  the  breadth  and  square  of  the  depth  ;  the  horizontal 
part,  a  <2,  of  the  rail,  while  it  adds  to  the  weight  and 
cost,  does  not  in  the  same  degree  add  to  the  strength, 
the  upright  section,  d  e,  being  the  only  part  in  that 
position,  which  presents  the  strongest  form  of  section ; 
this,  however,  as  previously  stated,  being  limited  in 
height,  a  downward  projection  has  been  cast  upon  the 
opposite  side  of  the  bearing  section  of  the  rail,  shewn 
by  «/J  Fig*  10,  and  afa^  Fig.  8.  The  form  of  tliis  pro- 
jection, as  shewn  in  the  latter  figure,  is  such  as  to  secure 
equal  strength  in  every  part  of  the  rail,  being  deeper 
in  the  middle,  Jl  and  tapering  away  in  a  parabolic,  or 
semi-elliptic  form,  in  both  directions,  to  the  ends  of  the 
rail. 

This  form  of  rail,  with  very  trifling  modifications, 
constitutes  the  most  modem  plate  rail ;  until  very  lately, 
they  were  universally  made  of  cast  iron,  but  about  the 
year  1824,  some  were  formed  of  wrought  iron  ;  and  at 
present  almost  all  the  rails  of  this  description,  used  in 
the  collieries  in  the  north  of  England,  are  made  of 
wrought  iron,  rolled  into  the  form  shewn  in  Fig.  5. 

These  rails,  have  generally  been  laid  down  either  upon 
transverse  sleepers  of  wood,  as  in  Figs.  5,  6,  and  7>  or 
upon  stone  blocks,  as  in  Figs.  8, 9>  10 ;  but  they  have  been 
laid,  in  some  instances,  upon  cast-iron  sleepers,  stretched 
across  the  whole  width  of  the  way.  Fig.  1 1  shews  a 
section  and  plan,  of  this  kind  o£  sleeper  and  rail  i  a  a  a 
is  the  base  of  the  metal  sleeper,  a  longitudinal  cavity  is 
♦   cast  at  each  end  of  the  sleej)er  at  c  c,  with  a  raised  pait 
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on  the  inside,  a,t  bb^  within  this  recess  or  cavity,  the  rail 
is  laid,  and  a  wedge  being  driven  between  the  upright 
ledge,  b  b,  and  the  back  of  the  rail,  it  is  thus  secured  to 
the  sleeper.  This  plan  has  not  been  much  used,  the 
great  expense  of  the  cas1>iron  sleeper  operating  much 
against  its  adoption. 

The  great  objection  to  the  plate  rail,  is  the  fitiction  of 
the  wheels,  against  the  upright  flanch  ;  and  the  liability 
of  the  bearing  part,  to  receive  the  dust  and  mud  of  the 
road  and  wheels,  which  its  form  renders  it  peculiarly 
liable  to,  and  of  which  no  care  can  prevent  the  accu* 
mulation. 

§  3. —  Cast-iron  Rails.     Edge  Rail. 

Soon  after  the  introduction  of  cast-iron  rails,  a  form 
of  rail»  called  the  ^^  edge  rail,"  was  brought  into  use. 
Mr.  W.  Jessop,  in  1789f  formed  the  public  raihroad  at 
Xioughborough,  with  this  kind  of  rail ;  the  upper  sur&ce 
of  which  was  level,  and  the  under  section,  of  an  elliptical 
figure ;  and  as  the  rail  itself,  did  not  present  any  means 
of  keeping  the  wheel  upon  it,  a  flanch  was  cast  upon 
the  wheels,  to  guide  them  along  the  top  of  the  rail* 

In  the  wooden  railways,  the  upper  rails  being  convex 
on  the  surface,  upon  one  side  of  the  periphery  of  the 
wheels,  a  flange  projected  downwards,  about  an  inch, 
which  served  to  keep  the  wheels  upon  the  rail ;  whei) 
the  plate  rail  was  introduced,  the  form  of  the  periphery 
of  the  wheel  was  altered,  being  made  quite  flat  and  of 
less  breadth }  and  again,  when  the  edge  rail  was  intro- 
duced, the  rim  of  the  wheel  was  brought  back  to  the 
same  form,  as  that  for  the  wooden  railway. 

A  A,  Fig.  1,  Plate  IL,  represents  an  elevation  or  side 
view  i  and  b  b  a  section  of  the  edge  rail.  It  consists  of  a 
bar  of  cast  iron,  from  three  to  four  feet  long,  and  about 
one  half  or  three  quarters  of  an  inch  thick,  swelling  out 
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at  the  upper  part  to  twa  or  two  inches  and  a  half  broad, 
for  the  wheel  to  run  upon. 

These  raUs,  when  first  used,  w^e  not  secured  upon 
the  stone  or  wooden  sleeper  by  a  separate  chair  or 
pedestal ;  but  had  a  flat  base  projecting  outwards  on  each 
side  at  the  end  of  the  rail,  through  which  square  holes 
were  cast,  for  the  pins  or  nails  to  pass,  to  fasten  them  to 
the  sleepers. 

It  is  evident  that  this  form  of  rail,  combines  the 
greatest  strength  with  the  least  expenditure  of  material ; 
the  metal  being  disposed  upright,  it  presents  the  great- 
est depth  of  section,  in  the  direction  of  the  stress  or 
strain.    The  form  first  used  was  nearly  a  parallelogram. 

BB  and  cc,  Fi^s.  I  and  2,  Plate  11.^  will  shew  a  section 
of  a  later  form  ;  the  breadth  of  the  upper  surface,  a,  is 
about  two  inches  and  a  half ;  afler  keeping  this  breadth 
a  little  way  down,  as  shewn  in  the  drawing,  it  is  made  to 
diminish  gradually  to  three  quarters  of  an  inch,  and 
finally  to  half  an  inch,  near  the  bottom  at  c.  This  was 
the  section  of  them  for  a  long  period,  but  they  were 
subsequently  made  again  to  swell  out  at  the  lowest  ex- 
tremity»  as  shewn  at  cc  bb.  The  lateral  thickness  of  the 
rail,  is  generally  the  same  throughout  the  whole  length. 
The  depth,  as  shewn  in  the  elevation,  is  varied  accord- 
ing to  the  distance  from  the  supports ;  and  thus  the 
rail  is  of  that  form,  which  is  intended  to  present  the 
same  strength,  wherever  the  wheels  of  the  carriage  may 
be  placed  upon  it. 

The  form  of  the  chairs  will  be  readily  understood  by 
a  reference  to  the  drawings,  Plate  L  and  //,  and 
especially  the  enlaiged  section  c  c  o£Fig.  6 ;  they  consist 
of  a  flat  base,  a  a,  generally  four  inches,  by  seven,  and 
about  three  quarters  of  an  inch  thick ;  the  upper  surface 
upon  which  the  rail  rests,  being  also  flat  and  horizontal ; 
from  this  base,  two  upright  ledges,  r  r,  are  cast  as  &r 
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apart  as  the  breadth  of  the  rail,  thus  forming  a  sort  of 
vaulted  cavity,  into  which  the  ends  of  the  rails  are  laid  ; 
holes  are  made  near  the  ends  of  the  rails,  corresponding 
with  similar  holes  cast  in  the  chairs,  through  which  iron 
pins  are  driven ;  these  pins  thus  fasten  the  ends  of  the 
rails,  to  the  upright  ledges  of  the  chair,  and  prevent 
their  ends  from  starting  upwards  out  of  the  cavity,  and 
the  sides  or  cheeks  of  the  uprights,  prevent  the  ends  of 
the  rail  from  moving  laterally  or  sideways. 

These  chairs  are  placed,  either  upon  stone  supports, 
or  square  pieces  of  timber,  which  are  firmly  imbedded 
upon  the  surface  of  the  road ;  when  of  stone,  they  have 
generally  been  from  sixteen  to  twenty  inches  square, 
and  eight  inches  deep;  but  upon  the  Liverpool  and 
Manchester,  and  all  the  modem  railroads,  they  have  been 
laid  down  twenty-four  inches  square,  and  twelve  in 
depth.  When  of  wood  they  are  from  two  to  three  feet 
long,  ten  inches  broad,  and  four  to  eight  inches  deep ; 
but  in  the  colliery  railways  they  are  frequently  made  of 
old  oak  plank,  obtained  from  the  breaking  up  of  old 
ships.  In  some  cases,  the  wooden  sleepers  are  made  to 
stretch  across  the  road,  as  in  the  old  wooden  railways. 
The  mode  first  practised,  of  fastening  the  chair  to  the 
block,  was  by  a  circular  hole  being  cast  on  each  side  of 
the  base  of  tlie  chair,  and  a  hole  of  a  similar  size  drilled 
into  the  block ;  an  oak  plug  was  then  driven  through 
both,  which  having  a  wedge-shaped  head,  and  being 
dry  when  driven,  secured  the  chair  to  the  block  or 
sleeper. 

Such  was  the  form  of  rail,  and  mode  of  securing  it  to 

the  block,  which  was  used  in  all  the  private  railways, 

near  Newcastle,  for  several  years ;  when,  however,  the 

utility  of  railways  became  more  known,  and  attempts 

were  made  to  introduce  them,  as  a  mode  of  conveyance 

for  general  traffic,  the  public  attention  was  directed  to 
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some  of  the  defects  known  to  exist  in  the  private  rail- 
ways, and  several  improvements  were  suggested ;  we 
shall  now  point  out  some  of  these  defects,  and  tlie  plans 
proposed  or  adopted  to  remedy  them. 

To  form  a  perfect  and  complete  railway,  the  upper 
surface  of  the  rail,  should  be  made  to  remain  always 
quite  parallel  with  the  inclination  of  the  general  line  of 
road ;  when  this  is  the  case,  the  rails  will  form  a  con* 
tinuous,  smooth,  and  uninterrupted  line,  with  the  excep* 
tion  of  the  joinings  of  the  rails  ;  and  if  the  joinings  are 
neatly  fastened  together,  and  the  ends  of  the  rails  well 
fitted  to  each  other,  the  interruption  to  the  continuity 
ought  to  be  scarcely  visible,  and  tlie  carriage  wheels  in 
rolling  along  such  a  road  will  meet  with  little  obstruc- 
tion; and  the  friction  or  resistance  consequently  will 
be  comparatively  tiifling.  To  accomplish  the  formation, 
and  secure  the  permanence  of  such  a  perfect  road,  the 
surface  of  the  ground,  whereon  the  blocks  or  sleepers 
rest,  should  be  first  of  all  formed  perfectly  parallel  with  the 
general  inclination  of  the  line  of  railway,  longitudinally, 
and  perfectly  horizontal  transversely ;  it  should  likewise 
be  perfectly  firm,  and  hard,  to  prevent  the  blocks  from 
sinking  into  it,  so  as  to  destroy  its  parallelism:  the 
blocks  should  next  be  made,  all  of  precisely  the  same 
thickness  and  size ;  and  the  chairs  fitted  precisely  into 
the  centre  of  the  block  ;  with  all  these  perfections,  and 
supposing  the  rail  well  fitted  up,  and  firmly  secured  to 
the  chair,  and  that  the  action  of  the  carriages  did  not 
derange  any  of  these  requisites,  or  destroy  the  parallelism 
of  the  whole,  we  should  then  have  a  nearly  perfect 
railroad. 

We  find  in  practice,  however,  that  it  is  extremely 
difficult,  if  not  impossible,  to  form  the  surface  upon 
which  the  blocks  rest,  so  perfectly  uniform  in  solidity 
that  it  will. not  yield  to  the  pressure,  when  the  carriages 
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come  upon  it,  and  allow  the  blocks  to  sink  on  one  side 
or  other,  and  then  destroy  their  parallelism  with  the 
general  line  of  road.  Now,  as  the  chair  or  pedestal,  is 
hnmoveably  fixed  to  the  block,  and  partakes  of  its 
displacement,  the  sinking  of  the  blocks  causes  the  rails 
to  form  an  undulating  surface;  and  to  correct  this, 
recourse  has  been  had  to  the  mode  of  joining  the 
rails  to  the  chairs,  to  endeavour,  if  possible,  to  preserve 
the  parallelism  of  the  rails  when  the  blocks  sink. 

In  the  old  plan  of  joining,  it  is  before  stated,  that  the 
rails  were  fastened  to  the  chair,  by  two  pins  passing 
through  the  sides  of  the  chair,  and  through  h(Aes  near 
the  ends  of  the  rail.  In  the  chair,  these  holes  are  situated 
in  a  line,  parallel  with  the  base  of  the  chair  on  which 
the  rails  rest ;  and  in  the  rails,  they  are  at  equal  dis- 
tances from  the  top  or  bearing  surface,  or  parallel 
thereto.  The  rails  therefore  either  rest  upon  the  flat 
base  of  the  chair,  or  upon  the  pins.  When  the  pins  do 
not  quite  fill  the  holes,  the  rails  will  of  course  rest  upon 
the  chair ;  but  if  the  pins  are  driven  tightly  through  the 
holes  of  the  rails,  they  will  necessarily  be  supported  by 
the  pins ;  and  in  either  case,  the  parallelism  of  the  sur- 
face of  the  rails,  will  depend  upon  the  parallelism  of  the 
base  of  the  chair,  with  the  line  of  the  road. 

If  the  surface  of  the  ground,  on  which  the  blocks  rest, 
be  not  of  the  same  degree  of  firmness  throughout,  or 
the  chair  be  not  placed  precisely  in  the  centre  of,  and 
parallel  with,  the  bearing  section  of  the  block,  the  weight 
of  the  carriages  passing  along  the  rail  will  displace  the 
blocks,  move  them  from  their  parallelism  with  the  line  of 
the  road,  and  throw  them  down  on  one  side,  into  the 
position  represented  at  c  c.  Fig.  1,  Plate  IL  This  ne- 
cessarily depresses  one  side  of  the  base  of  the  chair,  and 
also  one  of  the  pins  below  the  other,  and  consequently 
depresses  the  end  of  the  rail  fastened  to  it,  below  the 
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line  of  the  other,  as  shewn  at  d  d.  And  this  derange* 
ment  of  the  rails  will  take  place^  whenever  the  line  of  the 
base  of  the  stone  does  not  correspond  with  the  line  of 
the  road ;  and  will  be  in  proportion  to  the  angle^  the 
one  forms  with  the  other. 

When  the  nature  of  the  ground  on  which  the  blocks 
rest  is  considered,  and  also  the  difficulty  of  always  com- 
pelling the  workmen  to  bed  the  chair  precisely  in  the 
centre  of,  and  parallel  with,  the  base  of  the  stone,  and 
also  of  obtaining  stones  of  the  proper  form,  it  will  not 
be  wonderful  that  such  a  derangement  frequently  takes 
place;  accordingly,  it  is  found  in  practice  extremely 
difficult  to  keep  the  rails  in  proper  order,  from  the 
liability  of  the  stones  thus  to  fall  down  and  depress  the 
one  end  of  the  rail  considerably  below  that  of  the  other ; 
in  some  cases,  so  much  so,  as  to  form  a  rising  surface  of 
considerable  height,  like  that  represented  in  the  draw- 
ing, which  is  by  no  means  a  magnified  representation  of 
the  derangement. 

The  evil  arising  from  such  projections  need  scarcely 
be  stated,  the  shocks  to  the  carriage  wheels,  the  obstruc- 
tion to  the  moving  power,  and  the  injury  to  the 
carnages,  and  the  rails  themselves,  must  be  so  very 
apparent  as  to  need  no  illustration  ;  and  the  necessity 
of  remedying  such  a  defect,  if  possible,  so  very  obvious, 
as  to  strike  in  the  most  forcible  manner  any  one  at  all 
conversant  with  the  subject. 

Various  plans  of  chairs  and  of  rails,  were  devised  by 
different  persons  to  remedy  this  defect,  and  in  1816 
a  patent  was  obtained  for  a  form  of  rail  and  chair  by  Wil- 
liam Losh,  Esq.,  of  Wallsend,  and  Mr.  George  Stephen- 
son of  Killingworth.  a.  Fig.  2,  Plate  11. ,  is  an  elevation, 
c,  a  section,  and  b,  a  plan  of  their  patent  rail,  shewing 
the  rails,  a  a  a,  connected  with  each  other,  fixed  in 
chairs,  and  placed  upon  stone  supports,  similar  to  those 
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for  the  other  ndls.  The  joinuigs  of  the  rails  with  each 
other,  are  accomplished  by  means  of  what  is  denominated 
a  half-lap,  shewn  at  e  e,  the  sides  of  the  top  of  the  rails 
being  bevelled  away  near  the  ends,  for  about  two  inches 
and  a  half;  so  that  when  the  two  bevelled  ends  are  laid 
against  each  other,  they  only  form  the  same  breadth  of 
surface  as  tlie  top  of  the  rail  in  otlier  parts ;  one  pin- 
hole, therefore,  passes  through  the  two  ends,  and  a 
single  hole  being  made  in  the  chair,  a  strong  iron  pin 
is  driven  through  the  hole,  which  keeps  the  ends  of 
the  rails  from  separating  :  dd  shews  a  plan  of  the  chair, 
thehalf-lapextendingthe  length  of  the  chair,  1  2;  g-shews 
the  pinhole,  which  passes  through  both  rails.  The  base 
of  the  chair  on  which  the  rail  rests,  is  shewn  by  the 
dotted  line  i,  being  convex  ;  and  the  bearing  or  under 
surface  of  the  rail  being  quite  straight  and  parallel  with 
the  top  of  the  rail,  as  shewn  by  the  dotted  line  h ;  the 
rail  thus  rests  on  the  apex  of  the  curved  base  of  the 
chair.  The  patentees  state,  **Our  objects  are,  first, 
to  fix  botli  the  ends  of  the  rails  or  separate  pieces,  of 
which  the  ways  are  formed  immoveable  in,  or  upon  the 
chairs  or  props  by  which  they  are  supported ;  secondly, 
to  place  them  in  such  a  manner,  that  die  end  of  any  one 
rail  shall  not  project  above  or  fall  below  the  corre- 
sponding end  of  that  with  which  it  is  in  contact,  or 
with  which  it  is  joined ;  thirdly,  to  form  the  joinmgs 
of  the  rail  with  the  pedestals  or  props  which  support 
them^  in  such  a  maimer  that  if  these  props  should  vary 
from  their  perpendicular  position  in  the  line  of  the  way, 
(which  in  other  railways  is  oflen  the  case,)  the  joinings 
of  the  rail  with  each  other  would  remain  as  before  such 
variation,  and  so  that  the  rails  should  bear  upon  the 
props  as  firmly  as  before ;  and  the  rails  being  applied 
to  each  other  by  what  is  called  a  half-lap,  the  pin 
or  bolt,  which  fixes  them  to  each  other,  and  to  the 
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chair  in  which  they  are  inserted,  is  made  to  fit  eicactly 
a  hole,  which  is  drilled  through  the  chair  and  both  ends 
of  the  rails,  at  such  a  height  as  to  allow  both  ends  of 
the  rail  to  bear  on  the  chair ;  and  the  bearance  being 
the  apex  of  a  curve,  they  bear  at  the  same  point.  Thus 
the  end  of  one  rail  cannot  rise  above  that  of  the 
adjoining  one ;  for  although  the  chair  may  move  on 
the  pin  in  the  direction  of  the  line  of  road,  yet  the 
rails  will  stiU  rest  upon  the  curved  sur&ce  of  tlie 
bearing  without  moving/* 

This  plan  of  joining  the  rails  was  evidently  a  great 
improvement  upon  the  common  mode,  and  was  there- 
fore adopted  on  several  new  lines  of  road.  The  blows 
and  shocks  to  which  the  carriage  wheels  were  exposed, 
in  the  old  plan  of  joining,  were  almost  entirely  extermi- 
nated in  this ;  and  the  benefit  was  not  confined  to  the 
carriages  alone,  for  the  reaction  of  those  shocks  was 
liable  to  break  the  rails  in  return. 

The  difference  is  very  sensible,  in  passing  along  the 
two  kinds  of  rails  in  carriages ;  on  the  one  you  travel 
smoothly  along,  witli  scarcely  the  least  tremor  of  the 
carriage ;  but  immediately  you  come  upon  the  other, 
especially  where  it  is  not  in  good  repair,  a  continuance 
of  jolts  and  shakes  is  felt,  as  the  carriage  wheels  succes- 
sively pass  over  each  joint.  The  injury  caused  to  the 
carriages,  though  not  immediately  felt,  yet  by  frequent 
repetition  must  eventually  tend  to  shake  them  to  pieces ; 
the  wear  of  the  wheels  of  the  carriages,  also,  by  tlie 
blows,  will  be  considerable. 

Nothing,  however,  can  be  more  decisive  in  estimating 
the  benefits  obtained  by  this  mode  of  fixing  the  rails, 
than  the  diminution  of  the  resistance  opposed  to  the 
wheels  of  the  carriages.  Many  practical  examples 
could  be  adduced,  where  the  difference  has  been  found 
to  be  very  great  indeed,  the  projections  acting  as  suc- 
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cessive  obstacles,  to  retard  the  progressive  motion  of 
the  wheels,  and  which  are  to  be  surmounted  at  every 
joining. 

Various  modifications  of  this  mode  of  fixing  the  rails, 
have  been  attempted ;  to  describe  the  whole  of  them 
would  be  impossible.  Figs.  3  and  4,  Plate  11.^  shew 
two  which  are  worth  notice.  In  the  first,  the  ends  of 
the  rails  are  ^square,  similar  to  the  old  rails,  at  each 
end  of  the  rail  a  semicircular  hole  is  cast,  equal  in 
diameter  to  the  pinhole  in  the  chair,  which,  when  the 
ends  of  the  two  rails  are  laid  together,  forms  a  circular 
hole,  through  which  the  pin  is  driven.  The  pin  has 
no  effect  in  fastening  the  rails  together  in  the  direction 
of  their  length;  but  as  they  cannot  separate  in  that 
direction  when  laid  down,  the  pin  will  prevent  their 
rising  up,  being  the  only  way  in  which  they  have  a 
tendency  to  separate.  Fig>  4  represents  a  mode  of 
preventing  the  rails  from  rising  up,  without  a  pin  ;  the 
ends  of  the  rails  are  cast  in  the  form  shewn  by  the 
dotted  lines  at  rf,  one  end  having  a  convex  projection, 
which  fits  into  a  concave  indentation  cast  in  the  end  of 
the  adjoining  rail ;  the  sides  or  cheeks  of  the  chair 
keeping  the  ends  always  opposite  each  other,  the  pro- 
jecting piece  upon  the  end  of  one  rail  fitting  into  the 
concavity  of  the  other,  prevents  the  one  end  of  one  rail 
from  rising  above  that  of  the  other. 

In  all  chairs  of  these  forms  which  we  have  seen,  the 
base  whereon  the  rails  rest  is  flat.  In  Pig.  3,  if  the  rail 
rested  or  hung  upon  the  pin  only,  the  stone  might 
then  be  depressed  considerably,  without  materially  affect- 
ing the  joining,  the  stone  turning  upon  the  pin  as  a 
pivot  or  centre ;  but  if  the  rail  rests  upon  the  flat  base 
of  the  chair,  this  cannot  take  place,  without  subjecting 
the  pin  to  considerable  strain,  and  causing  it  to  work 
loose* 
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Something  of  this  takes  place,  though  not  to  so  great 
an  extent,  in  the  patent  mode  c^  Messrs.  Losh  and 
Stephenson ;  for  if  the  pin  completely  fill  the  hole 
through  the  end  of  the  rail  and  chair,  which  it  is 
intended  to  do,  the  stone  can  only  move  upon  the  pin 
as  a  centre.  If  the  rail  then  rest  upon  the  apex  of  the 
curve  of  the  chair,  and  the  block  becomes  depressed  on 
one  side,  the  apex  bearing  of  the  chair  is  not  at  liberty, 
to  move  round  the  pin  as  a  centre,  being  prevented  by 
the  flat  surface  of  the  under  side  of  the  rail,  forming  a 
tangent  to  the  arc  it  would  describe ;  the  pin  in  such 
cases  must  therefore,  yield  to  the  action  of  the  weight, 
and  consequently  have  a  tendency  to  work  loose,  similar 
to  the  rail  above  described.  This  is,  however,  the  only 
imperfection  it  has,  for  the  overlap  effectually  prevents 
the  distortion  of  the  joinings  of  the  rails ;  whereas  in 
the  other  plans,  the  ends  are  liable  to  rise,  and  get  out 
of  the  same  plane,  a  b  c.  Figs.  5,  Plate IL,  is  a  plan  of 
rail  and  joining,  adopted  by  Mr.  B.  Thompson  on  the 
Brunton  and  Shields  railway.  In  this  plan,  the  chair 
has  only  one  cheek  or  side,  a  6,  and  the  rail  is  fastened  to 
the  chair  by  a  screw  bolt,  r,  by  which  a  concave  nut,^ 
is  screwed  against  a  convex  projection  on  the  rail,  and 
this  secures  it  to  the  single  upright  cheek  of  the  chair. 
k  /,  shews  opposite  sides  of  this  mode  of  fastening,  k 
shewing  the  head  of  the  nut  on  one  side,  and  /  the 
upright  cheek  and  screw  bolt  on  the  other.  The  incon- 
venience of  this  plan  in  practice,  is,  that  the  thread  of 
the  screw  becomes  rusted  by  long  exposure  to  the 
weather,  and  breaks  off  when  it  is  attempted  to  screw 
the  joints,  in  case  they  work  loose. 

Mr.  Losh,  in  1829)  obtained  a  patent  for  a  mode  of 
joining,  without  the  aid  of  a  pin  ;  in  this  mode,  that 
part  of  the  base  of  the  chair  whereon  the  rails  rest  is 
concave,  the  ends  of  the  rails  being  convex.     The  rails 
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are  made  with  balf-lap  joinings,  the  end  of  one  passing 
the  other  about  three  inches,  a  b  c  d.  Fig.  6,  Plate  ILf 
shews  an  elevation,  plan,  and  section,  of  this  mode  of 
joining ;  a  6  are  the  two  ends  of  the  hal£>lap  of  the  rails 
joining  each  other,  supposing  them  cut  off  at  the  middle 
of  the  half-lap ;  upon  the  outside  of  each  rail  a  circular 
projecting  knob,  c  d^  is  cast ;  on  the  inside  of  the  rail  6,  a 
similar  knob,  a,  is  cast,  fitting  into  a  corresponding  con- 
cavity on  the  rail  d ;  when  the  rails  are  kept  together,  as 
shewn  in  the  drawing,  the  knob  a  prevents  the  rails  from 
being  drawn  asunder  longitudinally. 

The  chair  is  made  of  the  usual  form,  with  upright 
cheeks,  to  keep  the  ends  of  the  rails  together ;  on  each 
of  the  sides  of  these  cheeks,  a  perpendicular  cavity  is 
cast  forthe  purpose  of  receiving  the  knobs  c  and  d^  which 
keep  the  chair  in  the  proper  position ;  the  weight  of 
the  rail,  and  their  connection  with  each  other,  keeping 
them  down  upcm  the  base  of  the  chair. 

The  object  of  all  railroads  being,  as  before  stated,  to 
present  to  the  wheels  of  the  carriages,  a  smooth,  straight, 
and  level  surface ;  all  depressions  or  displacement  of  the 
rails  therefore,  defeat  the  object  for  which  such  a  road  is 
formed.  The  nature  of  tlie  foundation  upon  which  we 
have  generally  to  form  a  railway,  renders  this  a  task  of 
no  ordinary  difficulty ;  perhaps  it  is  almost  impossible 
to  form  an  absolutely  perfect  railway,  according  to  the 
above  principles.  We  must,  therefore,  endeavour  to 
approximate  as  nearly  as  possible  towards  such  a  per- 
fection ;  two  modes  of  effecting  this  suggest  them- 
selves, either  to  form  the  joinings  of  the  rails  to  the 
chairs,  in  such  a  manner,  that  the  stone  supports  can 
adapt  themselves  to  the  yielding  of  the  foundation, 
without  disturbing  the  parallelism  of  the  rail ;  or,  that 
the  stone  supports  be  made  of  that  size,  and  be  so 
imbedded  upon  the  foundation,  that  the  weight  of  the 
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carriages  shall  not  be  capable  of  disturbing  them ;  in 
which  latter  case,  the  joinings  of  the  rails  to  the  chairs 
must  be  such,  that  the  action  of  the  carriages  has  not 
the  power  of  deranging  the  continuity  of  the  rail.  To 
carry  the  former  of  these  modes  into  practice^  and  to 
preserve  the  continuity  of  the  rail  with  ease  and  freer 
dom,  the  stone  should  be  capable  of  moving  round,  or 
assuming  any  degree  of  inclination,  to  the  line  of  the 
road  that  might  occur  in  practice,  without  straining 
either  the  pin,  or  distorting  tlie  ends  of  the  rails*  To 
effect  this,  if  the  pin  be  made  the  centre  of  motion,  the 
under  side  of  the  rail  should  be  a  portion  of  the  circum- 
ference of  a  circle,  formed  from  the  pin  as  a  centre  ;  the 
base  of  the  chair,  could  then  be  either  the  apex  of  a 
curve,  or  a  circular  cavity  corresponding  with  the  ex- 
terior semicircular  suri&ce  of  the  rail ;  the  stone  might 
then  be  depressed  on  either  side,  without  straining  the 
pin  or  deranging  the  joints.  Or,  we  might  otherwise 
make,  the  bearance  of  the  rail  upon  the  chair  or  pedestal^ 
the  centre  of  motion  ;  in  such  case,  the  pinhole  should 
be  a  circular  slit  or  opening,  formed  from  the  bearing 
upon  the  chair  as  a  centre  ;  the  pin  being  made  exactly 
to  fit  this  cavity  in  a  perpendicular  direction,  would 
prevent  the  rails  from  starting  upwards  out  of  their 
proper  position,  and  the  semicircular  slit  would  allow 
it  to  turn  longitudinally ;  when  the  stone  became  de« 
pressed  towards  one  side  or  the  other,  the  chair  could 
then  move  round,  without  injuring  the  pin  or  deranging 
the  joints  of  the  rails.  The  form  of  chair.  Fig.  4,  neaily 
partakes  of  tliese  properties,  without  a  pin,  if  the  bear- 
ance of  the  rail  upon  the  chair,  had  been  upon  a  point 
instead  of  a  flat  surface, — for  the  chair  could  then  move 
upon  such  point,  without  affecting  the  joinings  of  tlie 
rails, — ^but  in  that  case,  the  ends  of  the  rails  should  form 
an  over-lap  ;  or,  if  the  rails  rested  upon  the  top  of  the 
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chair,  and  the  top  was  of  a  circular  form^  described 
from  the  middle  of  the  chair  as  a  centre,  the  bearance 
of  the  rail  on  the  middle  of  the  chair,  being  the  apex  of 
a  curve,  the  same  efiect  would  take  place. 

Innumerable  forms  of  joinings  might  be  devised, 
every  one  of  which  might,  in  some  degree,  effect  the 
purpose  intended;  the  essential  consideration  being, 
to  secure  a  continued  and  permanent  parallelism  in  the 
rails,  under  every  derangement  that  may  take  place  of 
the  supports  on  which  they  rest. 

It  is  not  enough  that  the  bearing  be  such,  that  the 
rails  are  all  in  the  same  plane,  when  the  blocks  on  which 
they  rest  are  in  good  order,  or  in  their  proper  position, 
parallel  with  the  line  of  the  road ;  tlie  parallelism  of  the 
rails  should  be  preserved,  when,  by  the  yielding  of  the 
ground,  or  from  any  other  cause,  the  blocks  are  dis- 
placed from  their  proper  position,  and  are  made  to  form 
a  considerable  angle  with  the  line  of  the  road.    It  would 
not  have  been  necessary  to  have  been  thus  difiuse  on 
this  point,  had  we  not  found  that  several  even  of  the  most 
modem  forms  of  chairs  were  evidently  formed  contrary 
to    this  principle,  many  with   a  view  of  causing  the 
mode  of  joining  to  keep  the  support  or  stone  in  its 
proper  position,  rather  than  allowing  it  to  adapt  itself 
to  the  unavoidable  yielding  of  the  ground  on  which  it 
rests  ;  but  the  least  consideration  will  evince  the  futility 
of  this,  especially  when  the  yielding  of  the  ground 
causes  the  stone  to  rest  entirely  on  one  side  :  it  will  at 
once  be  seen,  that  when  the  carriages  come  upon  the 
rails,  something  must  yield  and  give  way,  by  the  great 
strain  thrown  upon    the  fastening,  from   the   oblique 
action  of  the  weight ;  but  as  we  shall  again   have  to 
revert  to  this  subject,  when  treating  on  the  formation 
of  railways,  wc  shall  not  enlarge  on  it  further  in  this 
place. 
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§  4. — Malleable  Iron  Rails. — Edge  Rail. 

We  have  previously  stated,  that  malleable  iron  rails 
are  now  exclusively  used  on  all  public  lines  of  railways  ; 
it  will,  therefore,  be  of  great  importance,  to  give  a  sketch 
of  the  successive  improvements,  made  in  that  descrip- 
tion  of  rails,  down  to  the  present  period. 

At  the  first  introduction  of  malleable  iron  rails,  they 
were  simply  a  rectangular,  or  flat  bar  of  iron,  from  one  to 
two  inches  square  ;  or  of  that  breadth,  and  three  inches 
deep, — the  length  various.  Being  very  narrow  they 
cut  the  wheels  much,  especially,  as  at  that  time  case- 
hardening  the  wheels  of  the  carriages  was  not  invented ; 
and  when  the  bearing  surface  was  made  broader,  the 
weight  and  expense  became  greater  than  cast  iron  ;  and 
hence  for  some  years  they  were  very  little  used. 

To  remedy  these  defects,  and  at  the  same  time  to 
secure  sufficient  strength,  Mr.  Birkinshaw,  of  Bedling- 
ton  Iron  Works,  in  October  1820,  obtamed  a  patent  for 
an  improved  mode  of  rolling  railway  bars.  This  patent 
consisted  of  a  mode,  of  manufacturing  or  rolling,  bars 
of  iron,  into  a  similar  shape  to  that  of  the  most  improved 
form  of  cast-iron  rail,  a,  b,  c.  Fig.  7>  Plate  11. ^  repre- 
sents this  kind  of  rail ;  a,  being  an  elevation,  b,  a  plan, 
and  c,  a  section ;  the  form  of  this,  it  will  be  seen,  does 
not  differ  mateiially  from  that  of  the  most  improved 
plan  of  the  cast-iron  rail.  These  rails  are  formed  by 
passing  bars  of  iron,  when  red  hot  between  two  rollers, 
one  of  which  has  a  groove  in  its  periphery  corresponding 
with  the  intended  shape  of  the  rail ;  and  being  fixed  on 
a  false  centre,  the  under  side  of  the  rail  is  rolled  as  nearlv 
as  possible  into  the  outline  of  a  true  ellipse ;  and  indeed 
expert  workmen,  by  cutting  out  the  groove  correctly, 
can  form  it  perfectly  true.  This  mode  of  rolling  bars  or 
rails,  giving  them  not  only  an  elliptical  figure  on  the 
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under  side,  but  likewise  producing  a  lateral  swell,  as  at 
1^  2,  is  very  ingenious ;  and  has  led  to  the  extension  of 
the  use  of  wrought  iron,  in  many  cases  where  the  simple 
form  of  rolling  it  heretofore  rendered  it  inapplicable. 
The  elliptical  form  thus  produced,  was  considered  at  the 
time  it  was  accomplished,  to  be  a  very  great  improve- 
ment in  this  description  of  rail,  and  to  remedy  that 
defect  in  its  shape,  as  compared  with  the  cast  iron,  which 
existed  when  it  could  only  be  manufactured  in  the  form 
of  rectangular  bars. 

These  rails  are  generally  rolled  into  lengths  of  fifteen 
feet,  subdivided  into  bearing  lengths  of  three  feet  each  ; 
eighteen  feet  lengths  were  recommended  by  the 
patentee,  but  experience  has  shewn  that  the  former 
are  the  most  practicable. 

The  joinings  of  the  ends  of  these  rails,  were  at  first 
square  at  the  ends,  similar  to  the  old  cast-iron  rails  ;  but 
they  are  now  formed  with  a  half-lap,  as  shewn  in  b, 
Fig.  7>  and  thus  they  now  possess  all  tlie  properties  of 
the  improved  cast-iron  rails. 

A,  B,  Fig.  8,  shews  an  elevation  and  plan,  of  the  rail 
originally  laid  down  by  Mr.  Stephenson  upon  the  Liver- 
pool  and  Manchester  railway.  These  rails  were  in 
lengths  of  fifteen  feet,  subdivided  into  bearing  lengths 
three  feet  apart,  and  weighed  thirty-five  pounds  per  yard, 
and  were  made  with  square  joints,  c  and  d  are  sections 
of  the  same  rail,  the  former  through  the  middle  of  the 
three  feet  lengths,  and  d,  near  the  joint  of  bearing  in 
the  chair.  On  the  one  side,  c,  of  the  rail  c,  the  lateral 
swell  was  continued  throughout  the  whole  length  of  the 
rail,  but  on  the  other  side,  rf,  it  was  made  to  terminate 
before  reaching  the  point  of  bearing,  and  thus  forming 
sections,  as  shewn  in  the  figures,  e,  being  a  section 
through  a  i,  or  at  the  joint,  shews  the  mode  of  joining 
the  rails  to  the  chau*  or  pedestal ;  on  one  side  of  the 
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chair  a  cavity  is  cast,  correspondiiig  to  the  lateral  pro* 
jection  on  the  rail ;  on  the  other  side  of  the  chair  a 
similar  cavity,  rf,  is  cast,  for  the  purpose  of  receiving  an 
iron  key  ;  when  the  rail  is  laid  into  the  chair,  the  key 
is  driven  longitudinally  into  the  cavity  rf,  and  being 
wedge-shaped ;  it  presses  against  the  side  of  the  rail, 
forces  the  projection  c,  into  the  cavity  on  the  opposite 
side,  and  effectually  prevents  the  rail  from  rising  up- 
wards out  of  the  chair. 

Figure  e,  likewise  shews  the  mode  of  ^tening  the 
chair  to  the  block,  A:  ^  is  the  block  of  stone,  two  feet 
square  and  twelve  inches  deep ;  two  large  holes,  two 
inches  diameter,  are  drilled  into  the  block,  and  wooden 
plugs,  represented  by  n  n,  are  driven  into  these  holes  ; 
the  wooden  plugs  are  bored  with  a  three-eighth  inch 
auger,  and  iron  pins,  o  o,  half  an  inch  diameter,  are  driven 
into  the  plugs,  whicb  secure  the  chair  to  the  block. 

A  B,  Fig.  9,  represents  the  rail  laid  down  upon  the 
Gamkirk  railway,  near  Glasgow ;  which,  it  will  be  seen, 
is  nearly  the  same  section  as  that  of  the  Liverpool 
and  Manchester  railway;  the  keying,  and  mode  of 
fastening  the  chair  to  the  block,  being  likewise  similar, 
as  well  as  the  plan  of  wedging  the  rail  to  the  chair. 

A  B,  Fig.  10,  Plate  11.  is  another  form  of  rail,  which 
has  been  made  the  subject  of  a  patent  by  Mr.  Losh. 
In  the  preceding  figures,  the  under  side  of  the  rail, 
within  the  chair,  and  likewise  that  part  of  the  chair 
whereon  the  rail  rests,  are  parallel  with  the  top  of  the 
rail ;  and  although,  when  the  key  is  driven  against  the 
side  of  the  rail,  if  the  parts  are  well  fitted,  it  prevents 
the  rail  from  rising  upwards?  yet  the  key  has  no  tendency 
to  tighten  the  rail  down  into  the  chair,  especially  when 
the  projecting  part  of  the  rail  does  not  fit  tight  into  the 
longitudinal  cavity  of  the  chair.  In  Mr.  Losh*s  plan, 
the  key,    being  slightly  tapered   vertically,    or  of  a 
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wedge  form,  wlien  driven  presses  against  the  cliair  on 
the  upper  side,  and  thus  wedges  the  rail  downwards  into 
the  chair  ;    the  key,    being  likewise  tapered  laterally^ 
presses  the  rail  sideways  into  a  longitudinal  recess  on 
the  other  cheek  of  the  chair,  similar  to  the  Liverpool 
pattern.     This  plan  of  keying,  is  a  great  improvement, 
as  when  the  keys  work  loose,  by  driving  them,  the  rail 
is  again  wedged  downwards  into  the  chair ;  whereas,  in 
the  other  plan,  when  the  base  of  the  rail  works  loose  in 
the  longitudinal  cavity  of  the  chair,  no  driving  of  tlie 
key  can  again  effectually  tighten  it.     This  principle  of 
keying,  has  been  adopted  on  the  Newcastle  and  Carlisle 
railway ;  with  this  difference,  that,  instead  of  one  side  of 
the  rail  being  merely  pressed  into  the  cavity  of  the 
chair,  as  shewn  at  £,  both  sides  are  keyed  in  the  same 
manner  ;  e.  Fig.  10,  shews  this  mode  of  keying,  which 
has  been  found  to  effectually  secure,  and  steady  the  rail 
into  the  chair.     When  wrought-iron  rails  were  first  in- 
troduced, the  mode  of  fastening  the  rails  to  the  chairs 
was  by  means  of  pins,  driven  through  the  cheeks  of  the 
chair  and  rail,  similar  to  the  single  lengths  of  cast-iron 
rails.   Experience,  however,  soon  proved  that  there  was 
a  great  difference  in  the  practical  effect  between  the  two 
kinds  of  rail ;  each  bearing  length  of  the  cast-iron  rails 
was  an  independent  one  j  not  so  with  the  fifteen  feet 
lengths  of  wrought-iron  rails,  having  five  bearances. 
The  expansion,  and  contraction  of  the  rails,  by  the 
varieties  of  temperature,  the  action  of  the  wheels  of  the 
carriages,  and  the  inequality,  and  yielding  of  the  railway 
itself;  all  tend  to  cause  a  working  of  the  joints  of  the 
long -lengths  of  rails  ;  and  consequently,  pins  were  soon 
fotihd  to  be  quite  inadequate  to  keep  tlie  rails  in  order. 
'Ehe  mode  of  keying  adopted  in  Figs.  7,  8,  and  9,  tends 
to  rtmedy  this  evil  to  a  certain  extent,  but  does  not  do 
fio  effectually ;  the  keys  in  those  rails  and  chau*s,  it  wil] 
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be  seen,  act  entirely  by  the  friction  of  their  surfaces, 
in  ^tening  the  rails  down ;  the  operation  of  the 
several  causes  above  enumerated  acting  imperceptibly 
upon  the  keys,  produces  a  working  of  them,  and  they 
soon  become  loose ;  and  it  only  requires  a  minute  in- 
spection of  the  different  railroads  so  constructed,  to 
observe  that,  after  a  few  years  experience,  almost  all  the 
keys  and  ends  of  the  rails  at  the  joints  are  loose ;  and 
that  no  renewed  keying,  operates  in  keeping  tliem  long 
in  a  firm  state. 

To  remedy  the  defect  of  the  keys  working  loose,  and 
under  an  impression  that,  if  the  ends  of  each  length  of 
rail  could  be  firmly  keyed  into  the  chair,  it  would 
materially  add  to  the  strength  of  the  rail ;  Mr.  Losh 
projected  a  rail,  for  which  he  procured  a  patent,  the 
form  of  which  is  shewn  in  Fig.  10.  The  subject  of  this 
patent  consisted  in  rolling  a  projecting  convexity,  or 
knob,  upon  the  rail  at  each  of  the  bearances,  as  sliewn  at 
b  b,  and  which  fitted  into  a  corresponding  concavity  in 
the  chair.  The  effect  of  this  plan  of  rail  is,  that  when 
once  keyed  firmly  into  the  chair,  any  expansion  or  work- 
ing of  the  rail  at  the  joints,  tending  to  separate  the  two 
ends,  only  operates  in  tightening  the  keys ;  as  when  any 
force  acts  longitudinally  upon  the  rail  to  separate  the 
two  ends,  it  must  cause,  or  have  a  tendency  to  raise  the 
rail  vertically,  to  allow  the  convex  knob  to  rise  out  of 
the  concave  base  of  the  chair ;  but  the  action  of  the 
wedge  is  directly  opposed  to  this,  and  consequently,  the 
greater  the  force  tending  to  draw  the  rails  asunder,  the 
greater  will  be  the  effect  of  the  wedge  in  keeping  the 
rail  down  in  the  chair ;  for  so  long  as  the  wedges  act,  it 
will  be  impossible  to  draw  the  convex  projection  of  the 
rail  out  of  the  concavity  of  the  chair,  and  by  keeping 
the  rail  firmly  fixed  to  the  chair,  any  longitudinal 
working  of  the  rail  is  prevented.     Mr.  Losh  further 
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attempted  to  make  this  plan  of  nul,  and  mode  of 
keying,  adapt  itself  to  the  yielding  of  the  blocks  ;  the 
upper  side  of  the  longitudinal  cavity  of  the  chair,  into 
which  the  key  is  driven,  instead  of  being  parallel  with 
the  bead  upon  the  rail,  is  made  a  curve,  as  shewn  at 
c  dy  Fig.  10 ;  the  key  therefore,  while  it  presses  against 
the  bead  of  the  rail  along  the  whole  length  on  its  under 
side,  is  only  wedged  against  the  apex  of  this  curve  on 
the  upper  side ;  and  this  curve,  as  well  as  that  of  the 
convex  projection  and  concave  base  of  the  chair,  ha\ing 
the  same  radius,  the  chair  is  at  liberty  to  move  round 
to  such  an  extent,  as  to  adapt  itself  to  a  slight  yielding 
of  the  blocks. 

These  rails  are  formed  with  a  half-lap  joint,  as  shewn 
in  B,  and  the  base  of  each  rail  at  the  joints  is  laid  to  one 
side,  as  shewn  by  the  dotted  lines ;  by  which  a  greater 
breadth  of  bearing  on  the  base  of  the  chair,  is  obtained, 
than  if  the  half-lap  was  formed  by  cutting  through  the 
middle  of  the  vertical  section  of  each  rail. 

This  form  of  rail  has  been  laid  down  upon  the  New- 
castle and  Carlisle  railway,  e.  Fig.  10,  Plate  II. ^  shew- 
ing a  section  and  the  mode  of  keying,  with  a  key  on  each 
side  of  the  rail ;  the  weight  forty-two  pounds  per  yard, 
and  the  supports  three  feet  distant  The  experience 
upon  this  railway  shews,  that  this  mode  of  keying  keeps 
the  rails  more  firmly  into  the  cliair  than  the  common 
mode.  The  chau:  in  Fig.  9,  Plate  F.,  shews  this  mode  of 
keying  on  a  larger  scale.  The  form  thus  described  has 
been  called  the  "  fish-bellied  rail  ;**  soon  after  its  intro- 
duction another  form  of  rail  was  made,  the  upper  and 
linder  surfaces  of  which,  being  parallel  to  each  other,  has, 
in  contradistinction  to  the  other  form,  been  called  the 
*'  parallel  rail :''  Fig.  1,  Plate  III.,  represents  this  form  of 
rail,  A  B,  being  elevations,  c  d,  plans,  and  e  f,  sections. 

As  considerable  difference  of  opinion  exists  amongst 
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engineers,  and  scientific  men,  as  to  the  comparative 
merits  of  these  two  forms  of  wrought-iron  rails,  and  the 
question  being  of  greater  importance  in  railway  economy, 
we  shall  make  it  the  subject  of  a  separate  chapter ; 
together  with  the  consideration  of  the  proper  section, 
and  the  comparative  strength  of  the  different  sections  of 
rails  ;  and  shall  therefore,  at  present,  describe  the  diffe- 
rent rails  adopted  upon  some  of  the  principal  railways 
already  laid  down. 

§  5. — Malleable  Iron  Rails — Different  Forms  of  Rails. 

Fig.  1,  Plate  III.  is  the  form  of  rail  laid  down  on  the 
Clarence  railway,  in  the  county  of  Durham  j  a  c,  being 
the  elevation  and  plan,  of  a  portion  of  the  rail,  at  the  inter- 
mediate bearing,  and  b  d,  at  the  joint-bearing,  f,  is  a 
section  of  the  rail  itself,  the  dimensions  of  the  different 
parts  of  it  being  shewn  in  the  plate,  e,  is  a  section  of  the 
rail  and  chair,  shewing  the  plan  adopted  of  keying  the 
rail  to  the  chair.  One  side  of  the  chair  is  cast  to  fit  the 
side  of  the  rail,  the  other  side  is  plain,  but  a  little  bevelled 
at  the  bottom ;  a  cast-iron  wedge,  one  side  of  which  fits 
the  plain  side  of  the  chair,  and  the  other  side  cast  to  fit 
the  section  of  the  rail,  is  driven  between  the  two,  and 
which,  pressing  the  rail  firmly  against  the  opposite  side 
of  the  chair,  the  rail  is  prevented  rising  upwards 
by  its  bulbed  base;  and  the  bevelled  side  of  the 
cheek  of  the  chair  and  wedge  gives  the  action  of  the 
wedge  a  downward  tendency  ;  wooden  wedges  have  in 
some  cases  been  used  instead  of  cast  iron.  F^.9>^  a  b  c  d, 
is  the  form  of  rail  laid  down  upon  the  St  Helens 
and  Runcorn  railway,  in  the  County  of  Xiancaster. 
This  rail  varies  from  tlie  Clarence,  in  the  section  of 
the  base  of  the  rail,  which  in  this  rail  is  semicircular, 
instead  of  being  circular ;  the  plan  of  keying  is  like- 
wise different,  and  is  ceitainly  superior.    The  action  of 
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the  wedge  of  Fig.  1.  being  sidewise,  does  not  tend  to 
press  the  rail  downwards  into  the  chair,  except  ob- 
liquely and  on  one  side ;  in  Fig.  %  bodi  sides  of  the 
chair  being  bevelled,  and  the  upper  side  of  the  base  of 
the  rail  being  horizontal,  when  the  wedges  are  driven 
they  act  with  a  vertical  and  direct  pressure  upon  the 
rail,  to  force  it  down  into  the  chair ;  and  there  being  a 
wedge  on  both  sides  of  the  rail,  it  is  kept  more  steadily 
within  the  chair.  The  weight  of  this  rail  is  forty-two 
pounds  per  yard,  the  distance  of  the  supports  three  feet 
Fig.  5,  is  a  plan  of  rail  laid  down  upon  the  Loire  railway 
by  Mr.  M*Mellet  et  Henry,  by  which  it  will  be  seen 
that,  the  effect  of  the  wedge  is  to  press  the  rail  against 
the  opposite  cheek  of  the  chair,  similar  to  the  Clarence 
rail ;  but  in  this,  the  upper  side  of  the  wedge  acts  against 
a  square  projection  on  the  side  of  the  chair;  these  rails 
weigh  about  twenty-eight  pounds  per  yard,  the  distance 
between  the  supports  being  thirty-three  inches. 

Fig.  6  is  the  plan  of  a  rail  projected  for  another 
French  railway,  —  the  proposed  Paris  and  Podtoise 
railway.  The  section  of  this  rail  differs  matariaUy  from 
that  of  Fig.  5  ;  the  wedge  is  likewise  different,  hairihg  a 
bead  cast  on  the  cheek  of  the  chair,  against  wfndh  tik^ 
wedge  acts  to  press  the  rail  against  the  diair,-  anA'  tb 
force  it  downwards.  *-* '  ^' - 

Figs.  3,  and  4,  are  plans  of  a  different  des(*fpfdatt^*dP 
rail  from  the  preceding;  in  both  the  fish-bellie^  lihd' 
parallel  rsuls  previously  described,  the  rails  are  ^MAJe'  W 
rest  upon  stone  blocks,  or  upon  cross  woodj^h-  8le^>^r^' 
and  having  no  supports  except  at  each  length  of  rail,  Utriy 
are  required  to  be  of  adequate  strength  to  sHp^ort^^tlAs 
weight  of  the  carriages,  without  any  assistance  -ib6tA 
the  block  or  sleepers  between  the  points  of  bearhig.^^lA 
America,  where  timber  is  very  plentifiil  and  cheap,  and 
where  iron  is  dear,  and  stone  in  some  parts  diflficult  to 
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^btaiiit  a  different  principle  rail  has  been  adopted  ;  lon- 
gpitudinal  blocks  of  timber,  or  wooden  rails,  similar  in 
every  respect,  except  in  the  dimensions,  to  the  single 
irooden  way,  Fig.  1,  Plate  Z,  are  first  of  all  laid  down, 
ind  then  either  common  iron  bars  are  laid  upon  these 
nils,  as  previously  described,  or  longitudinal  rails, 
rolled  to  a  particular  form  for  the  purpose. 

The  longitudinal  wooden  rails,  on  which  the  iron  rails 
are  placed,  are  from  eight  to  nine  inclies  broad  at  top, 
with  a  base  increased  to  ten  or  twelve  inches  ;  and  these 
kmgitudinal  sills  are  placed  either  upon  cross  sleepers, 
nmilar  to  those  used  for  the  wooden  railways,  or  upon 
square  blocks  of  hard  wood.  The  iron  rails,  having  a 
broad  base,  b^g  laid  upon  these  sills,  meet  with  con- 
siderable support  from  them,  and  their  vertical  section 
is  nott  therefore,  required  to  be  so  deep,  as  when  the 
rails  rest  upon  detached  blocks  or  sleepers. 

Fig.  S  is  a  plan  of  rail,  laid  down  on  some  of  the  rail- 
roads in  the  United  States ;  with  this  rail,  chairs  are 
dispensed  with,  the  base  of  the  rail  being  very  broad, 
and  being  hid  upon  the  longitudinal  sills,  is  &stened  to 
them  by  the  clamps,  c  and  d^  which  are  driven  into  the 
wooden  sills.  Fig.  4  is  a  variation  of  the  same  descrip- 
tion of  rail,  which  is  £istened  down  to  tlie  sills  by  a 
single  clamp.  In  the  former  of  thesfe,  the  heads  of  the 
damps  bend  over  the  edge  of  the  base  of  the  rail ;  but 
in  the  latter,  the  clamp  passes  through  a  hole  in  Uie 
base  of  the  rail ;  in  some  cases,  these  rails  are  fastened 
down  by  clamps,  passing  through  both  sides  of  the  base 
of  the  rail.  ITie  direction  of  these  clamps,  is  noi 
vertacaly  but  a  little  oblique.  These  rails  .weigh  &om 
r*five  to  forty  pounds  per  yard. 

Frcmi  the  great  quantity  of  material,  di&ppsied  in. the. 
base  of  the  rail,  this  form  of  section  is  not  so  .strong  ^ 
the  preceding  figures  of  rails ;  but  as  they  test  upon 
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the  wooden  sills  throughout  their  whole  length,  they 
are,  of  course,  much  strengthened,  and  are  found  in 
practice  to  be  sufficiently  rigid. 

F^.  7,  is  the  fish-bellied  or  elliptical  rail,  some  of 
which  have  been  laid  down  upon  the  London  and  Bir- 
mingham railroad,  by  Mr.  Robt.  Stephenson  ;  these  rails 
weigh  fifty  pounds  per  yard,  and  are  laid  with  bearings 
three  feet  apart,  a,  is  the  elevation,  b,  the  plan,  and 
c,  the  section.  The  joints  are  half  lapped.  The  mode 
of  fastening  the  rail  to  the  chair,  is  different  from  any 
previously  described,  and  is  the  subject  of  a  patent  by 
Mr.  Stephenson.  The  rail  fits  the  chair  as  nearly  as 
possible,  leaving  no  space  for  side  vibration  ;  the  only 
object,  then,  is  to  force  it  down  into  the  seat  of  the 
chair.  Mr.  Stephenson  states  tliat,  when  the  key  is 
in  contact  with,  or  is  made  to  act  directly  against,  the 
rail,  the  working  and  vibration  of  the  latter,  by  the 
carriages  travelling  along ;  and  the  expansion  and  con- 
traction of  the  rail,  by  the  change  of  temperature,;  all 
tends  to  cause  the  key  to  work  loose.  To  obviata  this, 
he  interposes  a  pin  between  the  key  and  the  rail,  which 
<:ounteracts  the  effect  of  the  shaking  and  vibration .  of 
the  rail  upon  the  key,  and  prevents  it  jfrom .  wodiing 
loose,  dy  Fig*  c,  is  the  pin  which  passes  through  the 
chair,  shewn  likewise  in  b  ;  through  this  pin^  at  a,,  is  an 
oblong  hole,  with  a  similar  hole  passing  longitudtnitlly 
through  the  chair;  a  key,  shewn  at  (  (,  J^^*  j^^  and 
nearly  filling  the  hole  through  the  chair,  and  tapering 
towards  one  end,  is  driven  through  the  cbaiB,. which, 
acting  upon  the  pin,  forces  it  against  the  rail  ,  This  pin 
is  sharp-pointed ;  and  when  the  key  is  firmly  driven^  the 
pin  can  be  wedged  into  the  rail  with  such  force  as.  to 
indent  itself  into  the  rail*  In  practice,  we  are  tpld»  this 
mode  of  joining  answers  very  well. 

Fig.  8,  is  the  parallel  rail,  laid  down  upon  the  London 
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and  Birmingham  railway,  and  weighing  sixty-five 
pounds  per  yard ;  and  which  is  likewise  the  section  of 
rail  laying  down  upon  the  Grand  Junction  railway  by 
Mr.  Locke.  These  rails  are  secured  to  the  chair  by  a 
wooden  key,  aa^  Figs,  b  and  c.  One  side  of  the  chair 
is  bevelled  vertically,  against  which  the  wedge  acts, 
and  pressing  against  the  upper  side  of  the  base  of  the 
rail,  forces  it  downwards,  into  the  chair,  while  it,  at  the 
same  time,  forces  the  rail  against  the  other  cheek  of 
the  chair.  These  keys  are  made  of  oak,  and  well 
dried,  so  that  when  driven,  and  exposed  to  the  humidity 
of  the  atmosphere,  by  expanding,  they  act  with  very 
powerful  effect  in  fastening  the  rail  to  the  chair ;  so 
much  si>  as,  in  some  cases,  to  split  the  chair.  The  plan 
B,  o(Fig.  8,  shews  the  form  of  the  wedge,  a  a,  longitudi- 
nally ;  by  this  it  will  be  seen,  that  the  side  of  the  chair 
is  convex ;  when,  therefore,  the  wedge,  being  quite 
dry,  is  driven  between  the  rail  and  chair,  and  expand- 
ing by  the  damp  of  the  atmosphere,  it  is  very  tightly 
com{Miessed  by  the  convexity  of  the  chair,  which  pro- 
duces a  corresponding  expansion  at  the  ends,  and  thus 
fastens  the  wooden  wedge  so  securely,  that  not  the 
least  wc^king  takes  place  between  it  and  the  rail  or 
chair^  This  key  has,  of  course,  no  tendency,  except  the 
mere  fiictibn  or  pressure  of  its  sides,  to  prevent  the 
ends  of  the  rail^  at  the  joint,  from  separating. 

Having  thu^  described  almost  all  the  different  modes 
of  keyi%  the  rails  to  the  chairs,  adopted  on  the  great 
Xvnt^  of  rslilway;  now  in  operation ;  we  shall  now  give 
sections,  01^  a  krge  scale,  of  rails  of  different  weights 
per  yard,  either  i^ready  in  use,  or  about  to  be  adopted 
on  some  of  the  principal  railways  in  this  country,  and 
upon  several  of  which  experiments  have  been  made,  to 
ascertain  their  comparative  rigidity. 

Fig.  9,  Plate  IIL^  is  a  section  of  a  parallel  rail  by 
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Mr.  Daglish,  and  for  which  he  obtained  a  premium,  by 
the  London  and  Birmingham  railway  company,  as 
being  the  best  section  of  rail  produced.  The  figure 
shews  part  of  the  chair,  with  the  mode  of  kejdng ;  this 
is  done  by  two  semicircular  keys,  tapered  towards  the 
ends,  the  dotted  lines  shewing  the  section  of  the  keys, 
at  the  opposite  side  of  the  chair  from  that  shewn  in  the 
plate,  the  keys  being  driven  from  opposite  sides.  This 
is  the  section  of  a  rail,  weighing  fifty  pounds  per  yard. 

F^g.  10,  is  the  section  of  an  experimental  fish-bellied 
rail,  rolled  by  the  Newcastle  and  Carlisle  railway  com- 
pany, for  the  purpose  of  ascertaining  the  comparative 
rigidity  of  this  kind  of  rail,  and  parallel  rails  of  the  same 
weight  per  yard  ;  the  weight  of  this  rail  was  about  fifty 
pounds  per  yard.  The  figure  shews  the  extreme  depth, 
and  the  dotted  line,  a  i,  the  smallest  depth  ;  the  longi- 
tudinal section  was  similar  to  Fig.  10,  Plate  ILj  with 
convex  bearings. 

Fig.  11,  is  the  section  of  the  parallel  rail,  rolled  for 
the  purpose  above  described,  the  weight  of  which  was 
as  nearly  fifty  pounds  per  yard  as  it  could  be  rolled ; 
the  area  of  the  wearing  or  top  part  of  the  two  rails  is 
precisely  the  same,  as  likewise  the  breadth  of  the  base ; 
but  they  differ  in  the  depth  and  thickness,  of  the  middle 
part  of  the  rail. 

F^g.  12,  is  tlie  jsection  of  a  parallel  rail,  used  upon  the 
Liverpool  and  Birmingham,  or  Grand  Junction  railway, 
and  weighing  about  sixty-two  pounds  per  yard.  The 
top  and  base  of  this  rail  are  the  same  section,  and  it 
differs  in  little  respect,  from  the  section  given  in  Fig.  8  ; 
the  mode  of  keying  is  tlie  same. 

Fig.  13,  is  the  section  of  a  rail,  used  on  the  Dublin 
and  Kingston  railway,  and  which  is  likewise  a  parallel 
rail,  and  weighing  about  forty-five  pounds  per  yard. 

Fig.  14,  is  a  fish-bellied  rail,  made  by  Mr.  Stephenson, 
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and  weighii^  about  forty-four  pounds  per  yard.  The 
entire  section  on  the  drawing,  shews  tlie  extreme  depth 
in  the  middle,  and  the  line  a  h^  the  depth  at  the  bearing 
parts.  This  rail  does  not  swell  out  at  the  base,  being 
intended  to  be  keyed  into  the  chair,  in  the  same  manner 
as  shewn  at  c  d,  in  Fig.  7- 

Fig.  15,  is  the  section  of  a  parallel  rail,  of  the  weight 
of  fifty  pounds  per  yard,  a  few  of  which  are  laid  down 
on  the  Liverpool  and  Manchester  railway. 

Fig.  16^  is  the  section  of  a  rail  intended  for  the  Great 
North  of  England  railway,  designed  by  Mr.  Story,  the 
weight  of  which  is  about  ^xty  pounds  per  yard.  This  is 
likewise  a  parallel  rail  \  the  mode  of  keying  this  rail  differs 
from  any  of  the  preceding  pl^ns,  and  is  shewn  in  Figs.  6 
and  7f  Plate  F*.,  Fig*  6  being  a  section,  and  Fig.  7  a  plan. 
One  side  of  the  chair  is  cast  to  fit  the  rail ;  on  the  other 
side  of  the  chair,  a  loose  intermediate  wedge  slides 
between  the  cheeks  of  the  chair,  shewn  at  a  ;  this  inter- 
mediate wedge  is  keyed  against  the  raU,  by  the  driving 
key,^  which  may  be  driven  witli  any  degree  of  tight- 
ness ;  the  intermediate  key  prevents  the  vibration  of  the 
rail  from  loosening  tlie  key>^  This  chair,  it  will  be  seen, 
has  four  pins  to  fasten  it  to  the  block. 

f'^g*  17>  is  the  section  of  a  parallel  rail,  laid  down 
on  the  Liverpool  and  Manchester  railway,  and  weighing 
sixty  pouitds  per  yard.  In  all  the  preceding  figures  of 
rails,  both  sides  of  the  top  or  wearing  part  of  the  rail, 
whereon  the  wheels  roll,  is  the  same  ;  but  as  it  is  only 
on  one  side  of  the  rail,  that  the  flanch  of  the  wheel  rolls 
against  it  below  the  plane  of  the  top  of  the  rail,  the  wheel 
on  the  other  side  rolling  along  the  plane  of  the  surface, 
it  is  evident,  that  there  iq  no  necessity  to  have  both 
sides  the  same.  Mr.  Booth  has,  in  tliis  case,  made  that 
side  of  the  top,  acted  against  by  the  flanch  of  the  wheel, 
of  the  same  outline,  as  that  part  of  the  wheel  j  while,  on 
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the  opposite  side,  the  section  is  at  right  angles  to  the 
plane  of  the  top.  This  plan,  however,  prevents  the  rail 
from  being  turned,  with  the  opposite  side  to  the  flanch 
of  the  wheel,  which  it  is  sometimes  found  requisite 
to  do. 

F^g.  18,  is  a  section  of  the  thirty-five  pounds  per  yard 
fish-bellied  rail,  originally  laid  down  upon  the  Liverpool 
and  Manchester  railway  j  the  entire  figure  shewing  the 
extreme  depth  in  the  middle,  and  the  line  a  b,  the 
depth,  in  the  bearing  parts  of  the  rail ;  the  mode  of 
keying  this  rail  is  shewn  in  Pig.  8,  Plate  IL 

Fig.  19f  is  a  section  of  a  fifty  pound  per  yard  elliptical, 
or  fish-bellied  rail,  laid  down  on  the  Liverpool  and  Man- 
chester railway  :  the  section  of  this  is  nearly  similar  to 
the  preceding  figure,  except  in  the  area,  and  weight : 
the  keying  is  precisely  similar  ;  the  line  a  6,  shews  the 
depth  at  the  bearings. 

Pig.  20,  is  a  parallel  rail,  weighing  seventy-five  pounds 
per  yard,  and  laid  on  the  London  and  Birmingham 
railway.  The  mode  of  keying  is  similar  to  that  shewn 
in  Pig.  8  ;  the  distance  of  the  supports,  five  feet. 

Pig.  21,  is  the  section  of  the  parallel  rail,  laid  down 
upon  the  Liverpool  and  Manchester  railway,  weighing 
seventy-five  pounds  per  yard ;  the  top  of  this  rail  is 
made  of  the  shape  explained  in  Pig.  I7. 

Pig.  22,  is  another  sixty  pounds  per  yard  parallel  rail, 
which  has  been  laid  down  upon  the  Liverpool  and  Man- 
chester railway. 

Pig.  23,  is  the  section  of  the  rail,  laid  down  upon  the 
Newcastle  and  Carlisle  railway,  it  is  an  elliptical  or  fish- 
bellied  rail,  of  the  plan  of  Mr.  Losh's  patent,  shewn  in 
Pig.  10,  Plate  Il.i  with  a  convex  projecting  knob,  at  the 
bearing  points.  The  entire  figure  in  the  plate  shews  the 
extreme  depth  of  section  at  a'  h\  Pig.  10.  Plate  IL^  and 
the  line  a  b,  Pig.  23,  Plate  Ill.y   the  depth  near  the 
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knob,  the  latter  swelling  out  the  depth  of  half  an  inch 
more  within  the  chair.  These  rails  weigh  forty-two 
pounds  per  yard,  and  are  laid  in  fifteen  feet  lengths, 
with  five  bearings,  of  three  feet  each. 

Fig.  24,  is  the  section  of  a  parallel  rail,  about  four 
miles  of  which  are  laid  down  upon  the  Newcastle  and 
Carlisle  railway,  they  weigh  fifty  pounds  per  yard.  The 
section  of  this  rail  is  different  from  any  of  the  preceding, 
inasmuch  as  the  joining  of  the  middle  portion  with  the 
top  and  bottom  is  with  a  square  outline,  the  object  of 
which  is,  that  the  keys  should  act  against  the  square 
parts,  ab,  a  bj  of  the  top  and  bottom,  on  each  side ;  two 
wedges  being  used  similar  to  e,  Fig.  10,  Plate  II.,  the 
bearing  lengths  of  this  rail,  are  three  feet  apart. 

§  6. —  Comparative  Qualities  of  cast  and  wrovght  Iron 

for  Rails. 

When  wrought-iron  rails  were  first  introduced,  it  was 
objected  to  them,  by  some  engineers,  that,  they  were 
subject  to  oxidation,  and  that  the  mode  of  rolling 
rendered  them  fibrous,  and  liable  to  lamination. 

Mr.  W.  Chapman,  of  Newcastle,  in  his  report  on  the 
Newcastle  and  Carlisle  communication,  objected  to  their 
use  on  these  grounds  ;  stating  it  as  his  opinion,  that  their 
duration  would  not  be  so  great  as  cast  iron  ;  and  that  the 
rails,  being  formed  by  being  drawn  out  between  rollers, 
and  consequently  fibrous,  the  great  wheels  rolling  on 
them  would  expand  their  upper  surface,  and  at  length 
cause  it  to  separate  in  their  laminse. 

This  report  caused  a  reply  from  Mr.  Longridge,  one 
of  the  proprietors  of  the  Bedlington  iron  works,  and  he 
produced  a  letter  from  Mr.  Thompson,  Lord  Carlisle's 
agent  at  Tindale  Fell,  stating  "  that  the  malleable  iron 
"  rails  had  been  laid  down  for  sixteen  years,  and  had  no 
"  appearance   of  lamination."  —  "  The  whole  of  tlie 
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wrought  iron,  (says  he)  which  has  been  used  from 
twelve  to  sixteen  years,  appears  to  be  very  little  worse. 
The  cast  iron  is  certainly  much  worse,  and  subject  to 
considerable  breakage,  although  the  rails  are  about 
double  the  weight  of  the  malleable  iron  rails.  The 
waggons  used  carry  near  a  Newcastle  chaldron,  viz., 
fifty-three  hundred  weight.^  —  (^Newcastle  Courant^ 
Dec.  18th  1824.) 

**  Mr.  R.  Stevenson,  engineer,  of  Edinburgh,  states, 
regarding  the  description  of  materials  to  be  used  in  the 
formation  of  railways.  I  have  no  hesitation  in  giving 
a  decided  preference  to  malleable  iron,  formed  into 
"  bars  of  from  twelve  to  twenty  feet  in  length,  with 
fiat  sides  and  parallel  edges,  or  in  the  simple  state,  in 
which  they  commonly  come  from  the  rolling  mills  of 
the  manufacturer." — (  Transactions  Highland  Society^ 
vol.  vi.  p.  139.) 

Mr.  G.  Stephenson  of  Newcastle,  the  pateiitee  of  the 
cast-iron  improved  rail,  has  allowed  us  to  insert  a  copy 
of  a  report  made  by  him  on  the  subject.  "The  great 
object,  in  the  construction  of  a  railroad,  is,  that  the 
materials  shall  be  such  as  to  allow  the  greatest  quan- 
tity of  work  to  be  done,  at  the  least  possible  expen- 
diture ;  and  that  the  materials,  also,  be  of  the  most 
**  durable  nature.  In  my  opinion,  Birkinshaw's  patent 
wrought-iron  rail  possesses  those  advantages,  in  a 
higher  degree  than  any  other.  It  is  evident,  that 
such>ails  can,  at  present,  be  made  cheaper  than  those 
that  are  cast,  as  the  former  require  to  be  only  half 
the  weight  of  the  latter,  to  afford  the  same  security 
to  the  carriages  passing  over  them ;  while  the  price 
*^  of  the  one  material  is  by  no  means  double  that  of 
**  the  other.  Wrought-iron  rails  of  the  same  expense, 
<•  admit  of  a  great  variety  in  the  performance  of  the 

"  work,  and  employment  of  the  power  upon  them,  as 
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the  speed  of  the  carriages  may  be  increased,  to  a  very 
high  velocity,  without  any  risk  of  breaking  the  rails, 
their  toughness  rendering  them  less  liable  to  fracture, 
from  an  impulsive  force,  or  a  sudden  jerk.  To  have 
the  same  advantages  in  this  respect,  the  cast-iron  rails 
*^  would  require  to  be  of  enormous  weight,  increasing, 
of  course,  the  original  cost. 

'^  From  their  construction,  the  malleable  iron  rails  are 
much  more  easily  kept  in  order.  One  bar  is  made 
long  enough,  to  extend  over  several  blocks ;  hence 
there  are  fewer  joints  or  joinings,  and  the  blocks  and 
pedestals  assist  in  keeping  each  other  in  their  proper 
places. 

On  this  account,  also,  carriages  will  pass  along 
such  rails  more  smoothly,  than  they  can  do  on  those 
*'  that  are  of  cast  iron. 

**  The  malleable  iron  rails  are  more  constant  and 
•*  regular  in  their  decay,  by  the  contact  and  pressure  of 
'*  the  wheel ;  but  they  will,  on  the  whole,  last  longer 
than  cast-iron  rails.  It  has  been  said  by  some  en- 
gineers  that  the  ^Tought-iron  exfoliate  or  separate  in 
their  laminae,  on  that  part  which  is  exposed  to  the 
pressure  of  the  wheel.  This  I  pointedly  deny,  as  I 
have  closely  examined  rails,  which  have  been  in  use 
for  many  years,  with  a  heavy  tonnage  passing  along 
them«  and  on  no  part  are  such  exfoliations  to  be  seen* 
"  Pressure  alone  will  be  more  destructive  to  the  co- 
"  hesive  texture  of  cast  iron,  than  to  tliat  of  wrought 
••  iron.  The  true  elasticity  of  cast  iron  is  greater  than 
**  that  of  malleable  iron ;  i.  e.,  the  former  can,  by  a 
'  *  distending  power,  be  drawn  through  a  greater  space 
"  without  permanent  alteration  of  the  form  j  but  it 
"  admits  of  very  little  change  of  form,  without  pro- 
"  ducing  total  fracture.  Malleable  iron,  however,  is 
**  susceptible  of  a  very  great  change  of  form,  without 
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•*  diminution  of  its  cohesive  power.  The  diflFerence  is 
^*  yet  more  remaikable,  when  the  two  substances  are 
**  exposed  to  pressure;  for  a  force  which,  in  conse- 
"  quence  of  its  crystalline  texture,  would  crumble 
•*  down  the  cast  iron,  would  merely  extend  or  flatten 
*'  the  other,  and  thus  increase  its  power  to  resist  the 
*^  pressure- 

**  We  may  say,  then,  that  the  property  of  being 
**  extensible,  or  malleable,  destroys  the  possibility  of 
**  exfoliation,  as  long  as  the  substance  remains  un- 
**  changed  by  chemical  agency.  A  remarkable  differ- 
**  ence  as  to  uniformity  of  condition  or  texture  in  the 
"  two  bodies,  produces  a  corresponding  want  of  uni- 
**  formity,  in  the  effects  of  the  rubbing  or  friction  of  the 
"  wheel.  All  the  particles  of  malleable  iron,  whether 
"  internal  or  superficial,  resist  separation  from  the 
"  adjoining  particles,  with  nearly  equal  forces.  Cast 
**  iron,  however,  as  is  the  case  with  other  bodies  of 
*<  similar  formation,  is  both  harder  and  tougher,  in  the 
exterior  part  of  a  bar,  than  it  is  in  the  interior.  This, 
doubtless,  arises  from  the  more  rapid  cooling  of  the 
exterior.  The  consequence  is,  that  when  the  upper 
•*  surface  of  a  cast-iron  rail  is  ground  away,  by  the 
•*  friction  of  the  wheel,  the  decay  becomes  very  rapid. 
"  The  effects  of  the  atmosphere  in  the  two  cases, 
**  are  not  so  different  as  to  be  of  much  moment  On 
no  malleable  iron  railway,  has  oxidisation  or  rusting 
*'  taken  place  to  any  important  extent. 

I  am  inclined  to  think,  that  this  effect  is  prevented, 
on  the  bearing  surfaces  of  much-used  railways,  by  the 
pressure  upon  them.  To  account  for  their  extra- 
ordinary freedom  from  rust,  it  is  almost  necessary  to 
suppose,  that  some  diminution  takes  place,  in  the 
•*  chemical  affinity  of  the  iron  for  the  oxygen  or  car- 
"  bonic  acid.      The  continual  smoothness  in  which 
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"  they  are  kept  by  the  contact  of  the  wheels,  has  the 
"  usual  effect  of  polish,  in  presenting  to  the  destroying 
**  influence  a  smaller  sur&ce  to  act  upon.  The  black 
**  oxide  or  crust,  which  always  remains  upon  iron, 
^*  appears  to  act  as  a  defence,  against  the  oxidising 
**  power  of  the  atmosphere  or  water.  This  is  the 
*•  reason  why  the  rail  does  not  rust  on  its  sides.'* 

One  phenomenon,  in  the  difference  of  the  tendency 
to  rust,  between  wrought  iron  laid  down  as  rails,  and 
subjected  to  continual  motion,  by  the  passage  of  the 
carriages  over  them,  and  bars  of  the  same  material, 
either  standing  upright,  or  laid  down,  without  being 
used  at  all,  is  very  extraordinary. 

A  rdlway  bar  of  wrought  iron,  laid  carelessly  upon 
the  ground,  alongside  of  one  in  the  railway  in  use,  shows 
the  effects  of  rusting,  in  a  very  distinct  manner ;  the 
former  will  be  continually  throwing  off  scales  of  oxi- 
dated iron,  while  the  latter  is  scarcely  at  all  affected. 

Experience  of  the  use  of  these  rails,  has  now  estab- 
lished the  fact,  that  there  is  no  waste  or  destruction, 
from  oxidation  or  exfoliation,  in  rails  of  the  proper 
quality  of  iron,  and  well  manu&ctured,  and  that  the 
wear  is  less  than  cast  iron ;  there  cannot,  therefore, 
exist  any  doubt,  at  present,  which  of  the  two  descrip- 
tions of  material  is  preferable,  as  rails  for  public 
railways. 

The  rapid  rate  of  travelling,  now  adopted  on  all  those 
railways  for  the  conveyance  of  passengers,  renders  the 
use  of  cast-iron  rails  absolutely  dangerous,  as  breakage 
of  a  rail  might  be  attended  with  the  most  disastrous 
consequences. 

Upon  private  railways,  the  cast-iron  rail  is  still  con- 
sidered by  some  as  the  most  economical,  especially  as 
the  first  cost  is  less  than  that  of  the  wrought-iron  rail. 
There  seems  no  doubt,  that  the  wear  of  the  wrought,  is 
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less  than  that  of  the  cast  iron ;  this  pdnt,  therefore, 
rests  entirely  upon  the  relative  price  of  the  two  kinds 
of  iron,  the  comparative  strengtii  and  stiffiiess  being  well 
ascertained.  But  the  &ct  of  malleable  iron  rails,  being 
gradually  more  and  more  extensively  used  on  private  rail- 
ways, where  economy  is  strictly  considered,  and  of  their 
being  exclusively  used  on  public  lines  of  railwayi  is  a 
strong  proof  of  the  opinion  of  engineers  in  their  favour ; 
and  goes  far  towards,  if  it  does  not  completely  estaUish, 
malleable  iron,  as  being  the  best  material  for  railways. 

§  7. —  Comparative  Properties  of  Edge  and  Plate  Rails. 

It  seems  to  us  a  matter  of  great  astonidiment,  that 
the  plate  rails  have  yet  many  advocates ;  and  what 
seems  more  unaccountable,  on  the  mistaken  notion  of 
the  friction  being  less  upon  them,  than  upon  the  edge 
rail.  We  should  have  thought,  that  the  number  of  rail- 
ways of  both  kinds,  now  in  existence,  would  have 
afforded  sufficient  opportunity  of  ascertaining  this  fact, 
without  having  recourse  to  surmise  or  opinion.  Suffi- 
cient proof  will  be  adduced  hereafter,  in  the  account 
of  experiments  on  friction,  to  show  the  absurdity  of 
retaining  such  a  supposition,  which  is  also  apparent 
from  the  nature  of  the  action  of  the  carriage  wheels 
upon  the  two  rails.  Certainly,  if  the  rolling  part.of  tiie 
wheels,  used  on  the  plate-rails,  was  equal  in  bneadth,  to 
the  surface  of  the  edge-rails,  and  if  the  wheeb  on  the 
plate-rail  always  rolled  along  it,  without  rubbing  against 
the  upright  ledge,  more  than  the  flanch  of  the.wl^^ 
rubs  against  the  side  of  edge-rail,  then  the  fxictiofx  in 
the  two  cases  might  be  equal ;  but  the  rubbing  oj^  t^e 
wheels^  against  the  upright  ledge  of  the  plate-rails,  is 
considerably  greater  than  the  rubbing  of  the  flancl)  of 
the  wheels,  against  the  sides  of  the  edge-rails. .  The 
general  height  of  the  ledge  of  the  flat  rail,  is  three 
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indies ;  and  the  projecting  flaxich  of  the  ^dieels  of  the 
other,  one  indi;  and  supposing  the  tendency  to  rub 
against  the  sides,  to  be  the  same  in  each,  the  friction 
will  be  as  the  height  of  the  respective   ledges,   and 
consequently  greater  in  the  plate-raiL     Tliis   is  sup- 
posing each  of  the  rails  equally  free  from  obstruction, 
or  extraneous  matter,  affecting  the  free  rolling  of  the 
wheels  upon  them.     But  any  person  will  see,  that  the 
form  of  the  plate-rails  necessarily  causes  them  to  be 
more  subject  to  the  presence  of  such  an  obstruction^ 
than  the  edge-rail ;  the  one  forming  a  sort  of  receptacle 
for  the  dust,  dirt,  and  other  substances,  l&lling  upon 
them  ;   while   the  other,  from  its  narrow  surface  and 
elevated  position,   tends  to  throw  off  any  extraneous 
matter,  which  may  accidentally  Ml  upon  it.     Mr.  Pal- 
mer, in  his  description  of  a  patent  railway,  gives  a  very 
interesting  experiment,  on  the  obstruction  caused  to 
the  carriages,  by  the  dust  upon  the  plate-rails,  which  we 
shaU  take  the  liberty  of  inserting.     He  states,  **  I  made 
an  experiment  on  a  branch  of  the  Cheltenham  tram-> 
road  (which  was  iieai*ly  new,  and  in  good  condition), 
with  a  view  to  ascertain  the  difference  of  resistance, 
occasioned  by  dust  lying  upon  the  rails.     The  carriage 
'*  and  its  load  weighed  3i64f  pounds ;  the  rails  being 
swept  dean,  the  resistance  was  thirty-six  pounds  ;  the 
rails  being  slightly  covered  with  dust,  tlie  resistancewas 
&rty-tfaree  pounds  j  consequently,  the  difference  of 
**  resistance  to  that  weight  was  seven  pounds,   being 
**  upwards  of  one  fifth  increase.'^ 

The  tendency  of  the  edge-rail  to  form  a  rut  or 
groove,  on  the  per^hery  of  the  wheels,  and  thus  to 
increase  the  friction,  was,  for  a  long  period,  a  motive 
for  preferring  the  other ;  and  this  was  considerable  at 
first,  owing  to  the  narrow  surface  of  the  rails,  and  the 
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the  softness  of  the  metal  of  the  wheels ;  afterwards, 
when  the  bearing  of  the  rails  was  made  greater,  and 
now,  since  the  introduction  of  case-hardened  wheels, 
this  objection  is  entirely  removed.  Certainly,  when  the 
wheels  were  indented,  the  increase  of  friction  occasioned 
thereby,  might  cause  an  uncertainty  which  ought  to  be 
preferred.  This  having  been  obviated,  and  the  other 
reasons  for  prefeiTing  the  edge-rail  still  remaining  good, 
together  with  tlie  saving  of  weight,  by  the  more  propet 
distribution  of  the  metal,  to  resist  the  transverse  strain 
of  the  carriages  ;  renders  it  no  longer  a  subject  of  dis- 
pute, that  the  edge-rail  is  decidedly  the  best 

§  8. — Stone  Railways. 

There  is  another  description  of  railway,  which  origi- 
nated in  Italy  several  centuries  ago,  and  is  still  in  use  in 
the  streets  of  Milan,  and  which  requires  a  casual  consi- 
deration. It  is  composed  of  long  stone  blocks,  laid  in  a 
continuous  line,  on  each  side  of  a  paved  horse-path, 
on  which  common  carriages  run.  A  portion  of  the 
commercial  road  in  London,  was  thus  paved  by  Mr.  Wal- 
ker ;  and  when  first  laid  down,  a  horse  could  drag*  very 
considerably  more,  than  upon  the  common  road,  the 
common  carriages  of  the  latter  running  upon  it  Ex- 
periments were  made  by  Mr.  Walker,  ^ich  shewed 
that,  when  perfectly  smooth,  and  free  from  dust  w  dirt, 
the  resistance  was  not  much  greater,  than  upon  an  iron 
railway;  a  few  years  use  of  it  has,  however,  shewn  that, 
though  the  stones  were  granite,  and  basalt,  they  wear 
into  ruts,  and  that  these  ruts  increase  the  resittance 
very  considerably,  still,  when  heavily  loaded,  the  carters 
prdfer  travelling  upon  it,  to  that  of  the  conttnon  road 
adjoining.  Von  Baadar,  of  Munich,  in  Germany^  pro- 
posed an  improvement  to  this  form  of  railway,  by  laying 
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a  bar  of  iron  upon  the  upper  surface  of  the  stone,  on 
which  the  wheels  of  the  carriages  should  move ;  to  pro- 
tect the  stone  from  abrasion,  and  to  lessen  the  resis- 
tance. A  few  furlongs  of  the  Quincy  railroad,  near 
Boston^  have  been  made  in  this  manner,  and  is  stated  to 
have  been  attended  with  success ;  and  it  has  since  been 
extensively  adopted  on  the  Baltimore  and  Ohio,  and  on 
the  Pennsylvania  railroads,  in  the  United  States  of 
America. 

Forty  miles  of  the  Baltimore  and  Ohio  railway,  of  a 
single  line,  is  laid  with  granite  sills,  these  sills  are  con- 
tinuous, and  are  eight  inches  thick,  and  fifteen  inches 
broad;  they  are  laid  in  trenches,  filled  with  broken 
stone.  The  iron  rail  is  attached  to  the  inner  edge  of 
the  stone,  but  the  bearing  not  being  uniform,  the 
stability  of  the  railway  is  stated  to  be  impaired,  although 
that  has  been  lessened,  by  placing  the  iron  rail  nearer 
the  centre  of  the  stone  sill. 

On  the  Philadelphia  and  Columbia  railroad,  the  first 
ten  milesy  westward  from  Philadelphia,  are  laid  with 
granite  silla.  It  is  thus  described,  by  the  Editor  of  the 
American  copy  of  the  second  edition  of  this  Work. 
"  The  granite  sills  are  from  five  to  nine  feet  long, 
*'  one  ibot  wide,  and  one  foot  thick  ;  and  the  trenches 
^*  are  twenty-two  inches  deep,  including  the  thickness 
^^  of  the  road  metal,  and  are  filled  with  small  broken 
^'  stoBte  (  ^hese  sills  are  arranged  in  continuous  parallel 
^'  lines.  On  the  upper  surfaces,  near  the  inner  edges, 
**  flat  icon  bars,  fifteen  feet  long,  two  inches  and  a 
*'  quarter  wide,  and  five  eighths  of  an  inch  thick,  are 
**  -attached  by  square  nails,  three  and  a  half  inches  long, 
•  ^  and  eleven  thirty-seconds  of  an  inch  in  diameter, 
f*  driven  into  cedar  plugs,  five  eighths  of  an  inch  in 
"  diameter,  which  are  inserted  in  holes,  three  and  a 
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half  inches  deep,  drilled  into  the  sills  at  intervals  of 
eighteen  inches  asunder.  This  part  of  the  railway 
has  recently  been  carefully  examined  by  the  engineer. 
**  The  severe  winter  of  1831-2  (during  which  the  frost 
*^  was  intense,  and  several  thaws  occurred)  has  not, 
'^  in  the  slightest  degree,  affected  the  stability  of  the 
''  i-ails.'* 


CHAPTER  III. 

ON  THE  STRENGTH  AND  STIFFNESS,  AND  BEST  FORM 
OF  SECTION,  OF  CAST  AND  MALLEABLE  IRON 
RAILS. 

§  1. —  Oeneral  Remarks  on  Material  best  adapted 

Jbr  Railroads. 

oiNCE  cast  iron  superseded  the  use  of  wood  for  rails, 
it  has  been  most  extensively  used,  in  the  construction  of 
railroads.  As  usual  in  like  cases,  at  its  first  introduc- 
tion, considerable  opposition  was  made  to  its  use,  its 
brittleness  and  liability  to  break,  its  cutting  the  wheels, 
when  in  the  form  of  edge-rails,  and  several  other  objec- 
tions, were  urged  against  it ;  time  and  experience  have, 
however,  confirmed  its  utility,  and  extirpated  those 
prejudices.  Though  its  nature  renders  it  liable  to 
breaks  when  subjected  to  sudden  blows,  and  its  strength 
is  considerably  affected,  by  the  unavoidable  occurrence 
of  air  bubbles,  and  other  imperfections  in  its  organisa- 
tion ;  yet  still  we  are  enabled  to  form  a  railroad  with  it, 
on  which  weighte  of  considerable  magnitude,  can  be 
conveyed,  at  moderate  rates  of  speed,  without  much  risk 
of  breakage.  And  as  it  is  a  consideration  of  paramount 
importance,  in  the  construction  of  a  railroad,  to  form  it 
of  such  materials,  as  combine  strength  and  durability 
with  economy ;  cast-iron  is  superior  to  timber. 

Cast  iron,  while  its  hardness  presents  a  surface  that 
oppooes  little  obstruction  to  the  wheels  of  the  carriages, 
forms  a  substance,  which  is  also  very  durable,  and  resists 
the  action  of  the  wheels,  with  great  effect.  Its  brittle- 
ness forms  the  only  source  of  reasonable  objection  ;  and, 
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as  this  cannot  be  obviated,  without  increasing  the  sec- 
tion of  the  rail,  and  adding  to  the  weight,  and  conse- 
quently to  the  cost,  it  has  led  to  the  substitution  of 
malleable  iron  rails,  the  tenacity  of  which  resisting 
sudden  fracture,  obviates  the  danger,  inconvenience, 
and  cost  of  the  breakage  of  cast  iron. 

In  describing  the  different  kinds  of  rails,  used  in  the 
construction  of  railroads,  we  have  previously  given  the 
opinion  of  some  engineers,  on  the  comparative  merits 
of  cast  and  malleable  iron  rails,  offered  previously  to  1825. 
Since  that  period  wrought-iron  rails  have  been  more 
extensively,  or  almost  exclusively,  used  upon  all  the 
public  lines  of  railways ;  and  the  prejudice,  which  then 
existed  against  their  adoption,  experience  has  since 
dispelled.  There  were  then  wanting  experiments,  on 
the  comparative  strength^  durability^  and  the  resistance 
to  the  carriages  moved  along  them ;  which  the  numerous 
applications  of  this  mode  of  transit,  have  since  presented 
many  opportunities  of  furnishing. 

§  2. — Strongest  Form  of  Section. 

We  shall  now  endeavour  to  supply  these  deficiencies, 
and  in  doing  so,  we  shall  first  of  all  endeavour  to  deter- 
mine the  strongest  form  of  section,  which  applies 
equally  to  "both  cast  and  malleable  iron  rails.  This 
question,  however,  involves  several  considerations,  we 
require,  first  of  all,  a  certain  breadth  of  bearing  sur&ce, 
for  the  wheels  to  run  upon,  and  that  breadth  must  be 
such  as  not  to  produce  unnecessary  wear  in  the  wheels, 
nor  yet  too  great,  so  as  to  make  them  unnecessarily 
heavy ;  then  there  must  be  a  certain  thickness,  or  depdi 
of  that  bearing  sur&ce,  to  make  the  rail  sufficiently 
durable ;  next,  the  depth  of  section  must  be  such,  as 
to  render  the  rail  sufficiently  rigid.     All  these  requisites 
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must,  therefore,  be  considered,  in  determining  upon  the 
proper  form  of  section. 

Two,  or  two  and  a  half  inches  in  breadth,  at  the  top, 
seems  to  be  established,  as  the  proper  width  for  the 
wheels,  to  run  upon;  the  latter  being  the  breadth, 
adopted  on  all  the  public  railways  in  Great  Britain. 
The  strength  of  rails,  being  as  the  breadth,  and  square 
of  the  depth,  a  greater  breadth,  than  what  is  absolutely 
necessary,  is,  therefore,  adding  to  the  weight  of  the 
rail,  without  increasing  the  strength,  more  than  in  the 
direct  ratio  of  the  breadth ;  whereas,  the  same  quantity 
of  material,  disposed  in  terms  of  the  depth,  increases 
the  str^igth,  in  the  duplicate  ratio. 

It  does  not  appear,  from  the  experience  of  the  wear 
of  the  rails,  and  wheels,  that  they  should  be  of  less 
breadth  than  two  inches ;  nor  does  it  appear  necessary, 
to  make  them  of  greater  width,  than  two  and  a  half 
inches. 

We  shall  now,  give  some  of  the  results  of  the  wear, 
of  cast  and  wrought  iron  rails,  with  a  view  of  deter- 
mming  the  depth  of  bearing  surface. 

In  the  former  edition  of  this  Work,  we  gave  an 
account  of  two  experiments,  on  the  wear  of  cast  and 
wrought  iron  rails,  upon  the  Stockton  and  Darlington 
railway,  as  follows : — MaUeahle4ron  rails^  fifteen  feet 
l(Hig,  over  which  locomotive  engines  pass,  weighing 
from  eight  to  eleven  tons ;  waggons  loaded,  four  tons 
each  ;  85,000  tons  passed  over  in  a  year,  exclusive  of 
engines  and  empty  waggons ;  weight  of  rail,  136^ 
pounds ;  loss  of  weight,  in  twelve  months,  eight  ounces ; 
the  breadth  of  the  top  of  the  rail,  being  two  and  a 
quarter  inches,  gives  one  tenth  of  a  pound,  per  yard 
per  annum ;  and  Mr.  Story  informs  us,  that  subsequent 
experiments  furnish  nearly  the  same  result  In  deter- 
mining the  premium  for  the  best  form  of  rail,  for  the 
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London  and  Birmingham  Railway  Company,  with 
Professor  Barlow,  and  Mr.  Rastrick;  we  found  the 
^nual  wear,  estimated  by  some  of  the  competitors,  at 
one  sixth  of  a  pomid,  per  yard,  per  annum.  Upon  the 
Killingworth  railway,  I  have  had  some  of  the  rails, 
which  were  weighed,  and  laid  down,  in  1825,  taken 
up,  and  re- weighed ;  and  find  the  average  loss  of  weight 
of  several  rails,  to  have  been  eight  pounds,  for  each 
fifteen-feet  rail,  in  twelve  years,  which  gives  about 
one  eighth  of  a  pound,  per  yard,  per  annum.  These 
rails  were  laid  down,  at  a  time,  when  the  manu&cture 
of  malleable-iron  rails,  was  not  so  well  understood  as 
at  present ;  and,  on  examining,  I  found  part  of  the  loss 
of  weight  was  attributable,  to  exfoliation  on  the  sides. 
About  100,000  tons  of  coals  would  pass  over  these 
rails,  annually,  exclusive  of  the  weight  of  the  engines 
iand  empty  carriages.  Mr.  Dixon,  the  resident  engineer 
upon  the  Liverpool  and  Manchester  railway,  states, 
the  wear  of  the  rails,  upon  that  railway,  to  be  one 
tenth  of  a  pound,  per  yard,  per  annum,  which  was 
determined,  by  taking  up  three  rails,  cleaning  and 
weighing  them ;  and  then,  at  the  end  of  twelve  months, 
taking  them  up  again,  cleaning  and  weighing  them, 
as  before ;  and  this  being  repeated,  for  two  years,  the 
wear  was  found  to  be  the  same.  [Note  A.  Appendix.] 
We  may,  therefore,  take  the  wear  of  the  rails  to  be 
about  one  tenth  of  a  pound,  per  yard,  per  annum, 
which,  supposing  the  whole  to  result  from  the  wear, 
on  the  upper  surface,  will  be  one  eighty-fourth  part 
of  an  inch ;  if  the  top,  or  wearing  part,  of  the  rail 
were,  therefore,  an  inch  in  depth,  the  rail  would  wear 
eighty-four  years.  The  whole  of  the  wear,  above 
alluded  to,  does  not,  however,  take  place  upon  the  top ; 
a  part,  though,  probably,  a  very  small  portion,  is 
attributable  to  exfoliation,  by  the  action  of  the  air : 

5 


STRONGEST   FORM    OF   SBCTIOK.  69 

supposing,  however,  that  the  wear,  by  the  action  of  the 
wheels  amount  to  one  tenth  of  a  pound,  per  yard, 
per  annum  ;  if  the  top,  or  bearing  part,  of  the  rail,  be 
made  an  inch,  in  depth,  it  will  be  sufficient,  for  all  the 
purposes  required.  Any  increased  depth,  and  weight, 
which  would  not  be  required,  for  above  eighty  years ; 
would,  at  compound  interest^  at  the  end  of  that  period, 
amount  to  a  greater  sum,  than  it  would  be  expedient 
to  expend,  for  such  a  purpose,  considering  the  remote 
period,  at  which  it  becomes  useful. 

Having,  therefore,  determined  the  area  of  section 
of  the  head,  or  wearing  surface,  of  the  rail ;  it  then 
becomes  a  question,  in  what  manner,  the  other  part  of 
the  material  is  to  be  distributed,  so  as  to  present  the 
strongest  form  of  section. 

It  is  necessary,  however,  to  have,  a  projecting  bead, 
or  flanch,  at  the  base  of  the  rail,  for  the  purpose  of 
securing  it  to  the  chain  In  cast-iron  rails,  this  may  be 
done;  near  the  ends  of  the  rail,  leaving  it  open,  to 
mould  the  other  part  of  the  rail  into  that  form,  which 
presents  the  strongest  form  of  section.  In  wrought- 
iron  rails,  it  is  different,  whatever  breadth  of  base  is 
required,  to  secure  the  rail  to  the  chair,  must,  from 
the  mode  of  manufacture,  be  given,  throughout  its 
whole  length;  it,  therefore,  becomes  of  paramount 
importance,  to  determine  what  width  of  base,  can  be 
given,  without  impairing  the  strength  of  the  rail. 

Professor  Barlow,  in  his  "  Second  Report,  to  the  Lon- 
don and  Birmingham  Railway  Company,''  has  given 
a  solution  of  this  question  (see  note  B.  Appendix), 
by  which  it   is   shewn,    that   a   maximum   strength 

is  obtained,  when  ''^-|  (^^^")a^=z  ::^;  a  being 

"  the  whole,  of  the  sectional  area,  below  the  neutral 
"  axis}  6,  the  breadth  of  the  middle  rib,  pq ;  and 
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"  e,  the  depth  of  the  lower  flanch  ;  x  being  any  variable 
.*'  depth  of  the  rail. 

"  From  this,  jr  may  be  determined,  for  any  given 
"  values  of  a  b,  and  e.  Thus,  let  a  b  c  d  represent 
"  the  section  of  a  nul  j  a  b  e  f 
'*  being  the  head,  and  g  c  H  d  the 
"  lower  rib,  or  flanch.  Suppose  the 
"  middle  rib  is  '78  inch,  or  6  =  "78, 
"  to  find  what  lower  flanch  must  be 
"  given,  and  the  corresponding  depth 
"  of  rail,  to  produce  the  maximum 
*'  strength. 

'*  The  rail,  being  four  and  a 
"  half  inches  below  the  neutral 
"  axis  ran,  and  its  breadth p j '78, 
.*'  its  area  is  ■78x4^=3*51=o,and  it 
*'  is  required  to  distribute  this  area, 
'*  so  as  to  produce  a  rail  of  maximum  strength,  the 
"  depth  of  the  proposed  flanch  being  1  inch.  Sub- 
"  stitutinga=:3'51,  6  =  •78,  ce  —  1,  the  forgoing  equa- 
"  tion  becomes  j:»— 4*11  x^=— l-lSj  whence,  x='4i'0i, 
"  the  depth  of  tlie  rail  required. 

"  Now,  4'04x  •78=3"15,  area  middle  rib;  a — 6x= 
"  3-51— S*15='36=i';  or,  -36,  the  area  of  the  lower 
"  flanch,  which  is,  also,  its  breadth,  its  depth  being  1. 

*'  The  strongest  rail,  tlierefore,  of  this  weight,  whose 
"  breadth  is  *78,  is  tliat  whose  depth  ia  4*04  inches, 
"  and  the  breadth  of  the  lower  flanch,  including  the 
'*  middle  rib,  is  '78+ -36=  1*14  inch."— (Barlow's Second 
Report,  p.  95.) 

In  this  solution,  the  strength,  or  resistance,  of  the  head, 
wliich  is  very  little,  has  been  neglected ;  the  resistance 
of  the  tensile  portion  of  the  rail,  from  the  neutral  axis, 
beingtaken ;  and  this,  it  must  be  observed,  is,  perhaps,  the 
most  correct  way  of  calculating ;  inasmuch  as  we  should 
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take  the  strength  of  the  rail,  when  the  head,  or  upper 
portion,  is  nearly  worn  down,  and  not  when  the  rail  is 
first  put  into  use.  It  is  true,  as  the  head  wears  down, 
the  neutral  axis  is  changed ;  but  still  it  is  better,  that 
the  solution  should  shew  the  strength  below,  rather 
than  above,  the  correct  result. 

Comparing  this  result,  with  some  of  the  rails  now  in 
use,  viz..  Figs.  3.  12,  13.  Plate  IIL^  it  will  be  seen, 
that  most  of  them  exhibit,  too  great  a  quantity  of 
material,  in  the  base  of  the  rail- 
In  a  general  way,  suppose  the  depth  of  the  head,  or 
bearing  part,  of  the  rail  is  equal  to  one  inch,  and  the 
neutral  axis,  n  ti,  half  an  inch  from  the  upper  surface ; 
we  can,  from  the  preceding  formula,  calculate  that  form 
of  section  of  the  base  of  the  rail,  which  exhibits  a 
maximum  strength. 

§  3. — Rigidity  of  different  Kinds  of  Rails. 

Having  the  best  form  of  section,  we  then  come  to 
the  degree  of  strength,  or  rigidity  required  j  the  two 
requisites  are,  that  the  rail  present  such  a  depth  of 
wearing  surface,  as  maybe  sufficient  for  all  the  economical 
purposes  of  durability  ;  and  that  the  deflection  be  such 
as  not  to  present  any  resistance,  to  the  carriages  passing 
along  them.  We  have  already  determined  the  requisite 
section  of  the  head,  or  upper  table,  of  the  rail,  the 
formula,  page  70,  determines  that  form  of  the  remaining 
part  of  the  rail,  which  presents  the  strongest  section ; 
we  shall  now,  therefore,  give  some  experiments,  made 
with  a  view  of  ascertaining  the  strength,  and  stifihess  of 
different  sections  of  rails ;  and  that  amount  of  deflection, 
which  presented  an  obstacle,  to  the  wheels  of  the  car- 
riages. We  cannot,  however,  give  experiments,  upon 
all  the  forms  of  sections,  required  for  the  different  rail- 
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ways ;  and,  therefore,  it  becomes  necessary,  havhig  first 
ascertained,  by  experiment,  the  degree  of  rigidity  of  a 
given  form  of  section,  to  give  formulae,  for  calculating 
the  rigidity  of  otiier  rails,  of  different  forms  of  sections. 
The  law  of  resistance,  of  bars  of  cast  and  malleable 
iron,  subjected  to  pressure,  has  been  so  well  illustrated 
by  Tredgold,  in  his  work  on  cast  iron ;  and  by  Professor 
Barlow  in  his  report  already  alluded  to ;  and  in  his 
recent  publication  on  the  strength  of  materials ;  that, 
without  entering  into  all  the  details  of  their  calculations 
and  experiments,  on  the  subject,  we  shall  here  give  only 
their  formulae,  for  the  calculation  of  the  strength,  and 
rigidity  of  the  various  forms  of  railway  bars,  referring 
the  reader  to  those  works,  for  complete  information  on 
this  important  subject- 
Mr.  Tredgold,  having  found,  from  experiment,  that 
the  tensile,  or  cohesive  power  of  cast  iron,  was  equal  to 
15,300  per  square  inch,  gives  the  following  formiula  for 
calculating  the  strength  of  any  section  of  rail,  with  a 
given  weight  of  carriage. 

Let  the  marginal  figure,  page  70,  represent  a  section 
of  rail,  and 

w  zi  the  utmost  strain,  to  which  the  rail  is  subjected,  in  lbs. 

/=ithe  distance  between  the  supports,  in  feet. 

6= the  extreme  breadth  of  section  a  b  c  d,  in  inches. 

d=ithe  extreme  depth  of  section  a  b  c  d. 

q  6= the  difference  between  the  breadth  in  the  mid- 
dle, and  the  extreme  breadth. 

p  rf=the  depth  of  the  narrow  part,  or  rib  p  q. 

Then  g^  =  b  d^l—q p^).—(See  Tredgold  on  Cast 
Iron,  art.  148.) 


^  ,     ,       /  w/ 

Consequently  d=  y  ^^qJ  (1 — qp^\  and 
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This  calculation  is  on  the  supposition  that  the  thick- 
ness c^  the  head,  middle  rib,  and  lower  flanch  are  all 
the  same ;  but  as  these  are  varied  in  practice,  we  shall 
therefore  also  give  Professor  Barlow's  solution,  which  in* 
eludes  every  possible  shape ;  and  being,  therefore,  more 
particularly  adapted  to  malleable-iron  rails,  will  be  more 
generally  applicable,  for  this  description  of  rails. 

Having  previously  ascertained,  by  experiment,  that 
the  ratio  of  the  reristance  <^wrou^t  iron,  to  tension  and 
compression,  was  as  4 :  1. 

Let  A  B  c  D,  page  70,  represent  the  section  of  a  rail, 
nn^the  neutral  axis. 

c=the  centre  of  compression,  c  n  being  two  thirds  of 
h  n,  and  the  point  m  which  is  in  the  centre  of  r  s.  The 
breadths,  n  n  and  m  m,  are  also  known.  <=the  tension 
of  iron  per  square  inch,  just  within  the  limits  of 
elasticity. 

Then  the  resistance  of  the  whole  section,  referred  to 
the  centre  of  compression,  c,  may  be  considered  to  be 
made  up  of  the  three  resistances. 

1.  Of  the  middle  rib,  continued  through  the  head 
and  foot  tables,  vtz w-n^  hs  .  ns  .  pq  .  t 

2.  Of  the  head  a  e  f  b,  minus  the  breadth  of  the 

nx 
centre  rib=^  h  x  .  nx  .  (n  n — p  q)  —  t. 

ft  s 

3.  Of  the  lower  web,  g  c  d  h,  also  minus  the  con- 

s'' 
tinuation  of  the  centre  nh=nm  .  r  s  .  (m m—p  q)  —  t. 

(See  Barlow^  p.  58.)     [Note  C.  Appendix.] 
These  three  resistances  being  computed,  let  their 

Af  s 

sum  be  called  «,  and  the  clear  bearing  /  j  thien  -  -  =  w, 

the  load  the  bar  ought  to  sustain,  at  its  middle  point,  for 
an  indefinite  time,  without  injury  to  its  elasticity. 
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To  determine  the  strength  of  any  rail,  of  a  given 
section,  by  the  above  formula,  we  only  require  the 
tensile  force  of  cast  and  wrought  iron,  or  the  value 
of  t. 

Mr.  Tredgold  made  several  experiments,  on  various 
kinds  of  cast  iron,  by  which  he  ascertained,  that  the 
strain,  which  a  square  inch  of  cast  iron  would  bear, 
without  permanent  alteration,  was  equal  to  15,300  lbs., 
or  6*83  tons.     (  Tredgold  on  Cast  Iron,  p.  770 

By  experiments,  very  carefully  conducted.  Professor 
Barlow  found  the  tensile  force,  per  square  inch,  of  diffe- 
rent kinds  of  wrought  iron,  as  follows : — 

Bar,  No.  I,  (re-manufactured  iron)    -        -  10  tons. 

Bar,  No.  2,        ditto     -        -  -        -  1 1  tons. 

Bar,  No.  3,  new  bolt       -        -        -        -  11  tons. 

Bar,  No.  4,        ditto       -         .        -        -  10  tons. 

Bar,  No.  5  (re-manufiictured)    .       -        -  9-5  tons. 

Bar,  No.  6,  ditto  fiom  old  furnace  bars      -  8*25  tons. 

Bar,  No.  7>  new  bar,  by  Messrs.  Gordon  -  10  tons. 

He  therefore  assumes  the  force  of  resisting  tension,  in 
wrought-iron  bars,  as  equal  to  ten  tons,  per  square  inch. 
— (Barlow  First  Report^  p.  37.) 

Having  determined  this,  Mr.  Barlow  gives  the  fol- 
lowing practical  rules,  for  calculating  the  strength  of 
the  different  sections,  of  wrought-iron  rails,  deduced 
from  the  formula  page  73* 

"  Resistance  of  the  Heady  or  upper  Table. 
"  1.  Subtract  the  thickness  of  the  middle  rib  from 
two  inches,  the  breadth  of  tlie  upper  table,  a  b  }  and 
multiply  the  remainder  by  ten. 

12.  Subtract  half  an  inch  from  the  whole  deptli, 
and  multiply  the  remainder  by  twelve. 

Then  the  former  product,  divided  by  the  latter, 
will  be  the  resistance  in  tons,  due  to  the  head,  not 
including  the  middle  rib. 


(I 

a 
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Resistance  of  the  Centre  Rib. 
Multiply  the  whole  depth  of  the  rail,  by  tlie  whole 
depth,  minus  half  an  inch,  and  that  product  by  ten 
times  the  thickness  of  the  rib ;  and  the  last  product, 
divided  by  three,  will  be  the  resistance,  in  tons,  of 
*'  the  middle  rib,  continued  through  the  whole  depth, 
"  i.  e.,  through  the  upper  and  lower  tables. 

"  Resistance  of  the  lower  JVeb^ 
"  1.  Multiply  the  whole  depth  of  the  rail,  minus 
'*  one  inch,  by  the  thickness  of  the  bottom  web,  minus 
"  the  thickness  of  the  rib,  and  that  product  by  ten. 

"  2.  From  the  whole  depth  of  the  rail  subtract  one 
**  inch ;  and  to  twelve  times  the  square  of  the  remainder, 
'^  add  six  times  the  remainder,  and  call  this  the  first 
"  number.  From  this  subtract  twice  the  remainder, 
"  and  add  one,  and  call  this  the  second  number.  Then 
say,  as  the  first  number  is  to  the  second  ;  so  is  the 
product,  obtained  in  the  former  part  of  the  rule,  to  the 
"  resistance  of  the  lower  web,  not  including  the  conti- 
*'  nuation  of  the  middle  rib. 

Lastly,  The  sum  of  these  three  resistances,  mul- 
tiplied by  four,  and   divided  by  the  clear  bearing 
length,  will  be  the  weight  the  rail  will  sustain,  without 
««  injury." 

These  will  give  the  weight,  which  any  malleable 
iron  rail  will  support,  without  injuring  its  elasticity ;  and, 
for  cast  iron,  we  may  take  two  thirds  of  the  weight, 
as  producing  the  same  effect ;  in  practice,  however, 
we  must  keep  the  strain,  to  which  the  rail  is  subjected, 
considerably  within  these  limits. 

Besides  that  of  strength,  we  require,  in  practice, 
another  property  in  railway  bars ;  viz.,  a  sufficient  degree 
of  stifihess,  that  they  may  not  present  any  obstacle,  to 
the  wheels  of  the  carriages  passing  over  them. 
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In  cast-iron  bars,  the  great  depth  c^  section,  required 
to  ensure  adequate  strength,  necessarily  causes  them  to 
be  sufficiently  rigid  ;  but  wrought-iron  bars,  from  their 
superior  tensile  power,  requiring  a  less  depth  of  section, 
may  yet  be  sufficiently  strong,  and  be  so  flexible  as  to 
present  considerable  resistance  to  the  carriages ;  it  will, 
therefore,  be  necessary  to  ascertain,  in  the  first  place, 
whether  the  flexibility  of  wrought-iron  rails  does  present 
any  obstacle  to  the  carriage  wheels ;  if  so,  to  what  ex- 
tent; and  then  to  ascertain  the  strain  to  which  they 
may  be  subjected  in  practice,  without  impairing  their 
utility. 

The  law  of  deflection,  in  such  cases,  is  well  known ; 

being  as   the  weight  and   cube  of  the  length,   and 

inversely  as  the  breadth  and  cube  of  the  depth ;  or, 

/'  w  /*  w  • 

S = — =r ;  and  consequently, — r^  =e,  a  constant  quantity. 

flwP  ^         "^  ad^l 

We  have,  in  the  preceding  investigations,  ascertained 
the  strength  of  any  railway  bar,  corresponding  with  the 
limit  of  elasticity ;  if,  therefore,  we  ascertain  experi- 
mentally, the  deflection  due  to  such  limit,  we  can  then 
calculate  the  extent  which  any  ndlway  bar  will  be  de- 
flected, by  any  given  weight. 

^°'  4arf'=^'  ^^«  ^  «'"«*^*  ^"^'^^y'  ^  being  the 
weight  the  bar  will  bear,  without  injuring  its  elasticity, 
and  consequently,  as  J  is  the  same  in  each,  d  I  will  be 
also  constant.  That  is,  all  rectangular  bars,  having  the 
same  bearing  length,  and  loaded  in  their  centre  to  the 
full  extent  of  their  elastic  power,  will  be  so  deflected, 
that  their  deflection  (8)  being  multiplied  by  their  depth 
(rf),  the  product  will  be  a  constant  quantity,  whatever 
may  be  their  breadths,  or  other  dimensions,  provided 
tlieir  lengths  are  the  same. 
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For  thfe  purpose  of  determining  the  amount  of  deflec- 
tion  of  wroughtriron  bars.  Professor  Barlow  instituted 
a  series  of  experiments,  the  results  of  which  were  as 
follows  :— 

That  any  rectangular  malleable-iron  bar,  of  thirty-three 

inches  bearing,  being  strained  to  its  full  elasticity,  will  be 

so  deflected,  that  its  depth,  multiplied  by  the  deflection, 

•278 
will  produce  the  decimal  •278 ;  consequently,  ""^= ''^® 

deflection ;  d  being  the  whole  depth  in  inches.  (^Barlow ^ 

p.  47.) 

This,  however,  applies  only  to  rectangular  bars.  To 
make  it  general,  we  must  estimate  it  from  the  neutral 
axis^  which,  in  rectangular  bars,  being  one  fifth  of  the 
depth  below  the  upper  surface ;  the  above  constant, 
when  thus  referred,  becomes  •278x4.=*22,  so  that  the 
formula  is,  d  S=*22  ;  dl  denoting  now  the  depth  of  the 
bar  below  the  neutral  axis,  and  in  this  form  it  is  general 
for  all  parallel  rails. 

Mr.  Tredgold  made  a  great  many  experiments,  on  the 
strength,  and  flexibility  of  cast  iron,  by  which  he  found 
that  cast  iron  was  capable  of  sustaining  a  weight,  of 
nearly  seven  tons,  within  the  limit  of  elasticity,  per 
square  inch,  and  that  it  is  crushed  by  a  force  of  forty 
tons,  per  square  inch.   (  Tredgold  on  Cast  Iron^  p.  27I.) 

The  result  of  his  experiments,  on  the  deflection  of 
cast-iron  bars,  was,  that  a  bar  an  inch  square,  and  length 
oi  bearing  thirty-six  inches,  was  deflected  *18,  at  the 
limit  of  permanent  elasticity  (  Tredgold^  p.  20) :  reduc- 
ing this  to  the  same  length  of  bearing,  as  in  the  wrought- 

*19 

iron  bar,  it  would  give    8=*19>  and  consequently-^ 

for  the  deflection  of  any  rectangular  bar  of  iron,  length 
of  bearing  thirty-three  inches. 

If  we  take  the  ratio  of  tension,  and  compression  of 


78  ON   THE    STRENGTH,    ETC.    OF    IRON    RAILS. 

cast-iron,  as  7  :  40 ;  or  that  tlie  neutral  axis  will  be  one- 
sixth  of  the  depth,    below  the  upper  surface,    then 

•1911xf=-17=rf'§. 

Mr.  Tredgold's  experiments  shew  that  the  tensile 
force  of  cast  iron  is  equal  to  seven  tons,  per  square  inch  ; 
making,  therefore,  <=7  tons ;  we  can  therefore  apply  the 
preceding  formula,  to  any  form  of  cast-iron  bars,  as  well 
as  to  those  of  malleable  iron. 

Having  ascertained  the  best  form,  of  cross-section  of 
railway  bars,  and  the  law  of  deflection  in  terms  of  the 
depth,  the  next  consideration  is,  as  to  the  longitudinal 
section ;  we  can  now  determine  this,  having,  by  the  pre- 
cedmg  inquiries,  fixed  upon  the  proper  area  of  bearing 
surface,  and  tlie  depth  and  form  of  the  base  of  the  rails- 
Engineers  have  been  greatly  divided,  in  opinion,  as  to 
the  best  form  of  the  longitudinal  section.  Some  contend- 
ing that  the  bar  should  be  perfectly  parallel,  between 
the  points  of  bearing ;  and  others,  that  the  under  surface 
should  be  a  semi-ellipse,  or  be  what  is  called  an  **  eUip- 
ticaP'  in  contradistinction  to  that  of  a  "parallel"  bar. 
'  On  the  first  introduction  of  cast  iron,  the  form  of  the 
edge  rail,  was  that  of  a  parabola  on  the  under  side,  the 
upper  side  being  quite  straight ;  this,  however,  is  not 
the  strongest  form  for  a  railway  bar. 

When  a  beam  is  supported  at  each  end,  and  loaded 
in  the  middle,  the  upper  side  being  quite  straight,  and 
its  breadth  uniform,  the  strongest  form  of  section,  with 
the  least  material,  is  that  of  two  parabolas,  the  vertex 
being  the  point  where  the  force  acts.  But  in  the  case 
of  a  railway  bar,  the  weight  is  rolled  along  the  rail,  and, 
consequently,  every  part  in  succession  has  to  bear  the 
weight ;  the  line  bounding  the  under  side  of  the  rail, 
which  presents  the  greatest  strength,  when  the  beam  is 
supported  at  each  end,  and  loaded  equally  throughout 
its  whole  length,  is  a  semi-ellipse  ^  for  the  strain  being 
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as  the  square  of  the  depth,  and  inversely  as  the  distance 
from  the  point  of  support ;  the  square  of  the  depth 
should  vary,  as  the  rectangles  of  the  segments,  which  is 
the  property  of  the  semi-ellipse. 

In  the  rail  a  b,  let  c  D=the  depth  in  the  middle  of 
therail=</,  ^ 
A  c  =  /, 
A  E  =  jr. 

Then   the 

depth,  D,  at  any  part,  e  p,  will  be  d^=:  tj  (J^ — J^^). 

This  will  give  the  ordinate,  of  the  curve  of  the  base 
of  the  rail ;  but  as  these  run  into  a  point  at  a  and  b,  an 
increased  depth  is  given  at  those  points,  as  shewn  by 
the  dotted  lines  a  6,  and  c  d,  for  the  purpose  of  receiv- 
ing the  chairs. 

In  cast-iron  rails,  which  are  moulded  to  any  shape,  the 
correct  elliptical  form  can  be  preserved ;  but  as  wrought- 
iron  rails  are  formed,  from  rollers  of  a  peculiar  con- 
struction, the  true  elliptical 
curve  cannot  be  given, 
although  it  is  a  very  near 
approximation  to  it;  so 
much,  as  not  to  be  of  any 
pracdcal  disadvantage* 

Let  £  F  represent  a  sec- 
tion of  a  roll ;  oh,  the  sec- 
tion of  another,  the  latter 
being  upon  a  false  centre,  c, 
and  a  groove  turned  in  its 
periphery,  varying  in  depth 
as  shewn  by  l  d.  The 
roll,  G  H,  being  placed  upon 
its  true  centre,  the  ellipti- 
cal form  is  given  to  the  rail,  by  passing  the  bars  of  iron 
between  the  two  rolls,  at  k  l. 
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Professor  Barlow  has  given  a  formula  for  calculating 
the  ordinates  of  such  a  curve*  Let  the  radius  of  the  roll 
c  D=r,  the  distance  of  the  centres  b  c:=</»  and  x  any 
angle  l  c  d  ;  then  the  ordinate 

LD=Bi — ^(r^-^dJ^ — 2rrf  cos.  jr.) — {Barloufs  First 
Report^  p.  14.) 

The  following  table  will  shew  the  ordinates,  of  some 
of  the  elliptical  rails  now  in  use,  with  the  ordinates  of 
the  true  ellipse : — 

Table  of  Ordinates. 


DisUnoes 
from  end. 

Ordinates  in 
fiah-bdlied  rul. 
Greatest  depth  5  in. 
Least  do.  3  in. 

Ordinates  in 
flsh-belKed  nil. 
Greatest  depth  5  in. 
I^east  do.  3}  in. 

Ordinates  in 
the  ellipse. 

Inch 
0 

Inches 
SCO 

Indies 

375 

loebcs 
0 

I 

301 

8'76 

1*64 

8 

305 

878 

2*29 

s 

312 

S'82 

2*76 

4 

321 

8*88 

314 

5 

3*31 

3*95 

3*46 

6 

3'44 

4*04 

S'72 

7 

3*59 

414 

3*96 

8 

375 

4*23 

4*16 

9 

3*92 

4*34 

4*33 

10 

409 

4'45 

4*48 

11 

4'27 

4*55 

4*61 

12 

4*43 

4*66 

4*71 

13 

459 

4'75 

4*80 

14 

4*72 

4*84 

4*87 

15 

4*84 

4*91 

4*93 

16 

4*93 

4*95 

4*97 

17 

4*98 

4*99 

4*99 

18 

500 

6*00 

5*00 

The  last  of  these  rails  are  those  laid  down  by  Mr.  R. 
Stephenson,  on  the  London  and  Birmingham  railway, 
the  rigidity  d£  which  is  shewn  in  Table  X. 
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By  examining  this  table,  it  will  be  seen,  that  the 
curve  given,  by  the  mode  of  manufacturing  wrought- 
iron  bars,  is  not  materially  different  from  that  of  a 
true  ellipse.  Expert  manufacturers  of  rails  can,  how- 
ever, roll  them  into  that  of  the  true  ellipse,  if 
required,  by  cutting  the  rolls  to  the  proper  depth, 
though  it  is,  we  believe,  seldom  attended  to  in 
practice. 

Reverting  again,  to  the  proper  form  of  the  longitudinal 
section  of  railway  bars ;  as  the  depth  of  section  of  cast- 
iron  rails,  to  secure  the  proper  degree  of  strength,  is 
such,  as  to  render  them  sufficiently  rigid,  the  elliptic 
shape  is,  unquestionably,  the  best,  and  hence  all  cast- 
iron  rails  are  made  of  that  form.  In  wrought  iron,  it 
is  different;  the  tensile  force  of  this  material  is  so 
great,  that,  as  railway  bars,  it  is  never  subjected  to  that 
degree  of  strain,  compared  with  its  ultimate  strength, 
as  to  render  its  tensile  force  the  subject  of  consider- 
ation alone.  Before  it  is  so  strained,  the  deflection  is 
such,  as  to  present  considerable  resistance  to  the  car- 
riages, and  hence  the  elasticity  of  wrought-iron  bars 
is  the  predominant  consideration;  and,  therefore,  the 
question  is  between  the  relative  flexibility,  or  rigidity, 
of  elliptic  and  parallel  bars,  and  whether  the  saving 
of  material,  in  the  former  case,  is,  or  is  not,  compen- 
sated for  by  the  superior  stiffness  of  the  latter.  Any 
increased  expense  of  manufacturing,  or  any  superi- 
ority in  other  respects,  as  railway  bars,  which  the 
one  has  over  the  other,  must,  likewise,  be  taken  into  the 
calculation. 

In  the  reports  so  often  alluded  to.  Professor  Barlow 
has  gone  into  this  question  rather  fully,  and  has  shewn 
that  the  comparative  deflections,  of  rectangular  and 
elliptic  bars  of  the  same  length,  and  of  the  same  extreme 
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depth,  the  breadtli  and  load  being  also  the  same  in 
each,  are  as  33  :  41. 

Mr,  Tredgold,  in  his  work  on  cast-iron,  brings  out 
nearly  the  same  result,  viz.,    '857  :  1. 

The  relative  weight  of  an  elliptic  and  rectangular  bar 
is  as  '7854  : 1  ;  we  find,  therefore,  that  the  want  of 
stiffiiess  of  the  elliptic  bar  is  compensated  for  by  the 
saving  of  material ;  or,  that,  by  making  the  two  bars  of 
the  same  weight,  by  adding  to  t)ie  breadth  of  the  elliptic 
bar,  the  comparative  stiffiiess  would  be  nearly  the  same, 
or  'O716  in  favor  of  the  elliptic  bar. 

Considered  theoretically,  therefore,  if  there  were  no 
other  circumstances  to  influence  the  question,  on  one 
side  or  the  other,  the  two  forms  would  be  nearly  equal 
to  each  other,  in  point  of  rigidity  ;  but  we  must  carry 
the  subject  further,  and  consider  it  in  a  practical 
point  of  view.  In  the  first  place,  the  form,  which 
we  have  been  considering  theoretically,  is  not  that 
which  is  used  in  practice ;  and  there  are  other  con- 
siderations, both  as  regards  this,  and  the  application 
of  the  two  descriptions  of  rails,  which  must  not  be 
overlooked. 

Let  A  B  c  D  be  a  rectangular,  or  parallel  railway  bar ; 
A  E  B  will  ^  ^, 

then  be  a 
semi-ellip-  ^ 

tic    bar,      ^  "^  ^ 

such  as  we  have  considered  theoretically ;  the  compara- 
tive stiffiiess  of  which,  as  compared  with  a  b  c  d,  is  as 
33  :  41.  In  practice,  tlie  ends  of  the  ellipse  are  formed 
nearly  in  the  shape  of  the  dotted  lines,  a  6,  c  d,  so  that 
a  B,  a  5,  E,  c  dy  B,  will  represent  a  fish-belUed  rail ;  this, 
it  will  at  once  be  seen,  alters  both  their  comparative 
stiffiness  and  weight. 
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Let  a  be  d^  he  a  parallel  bar,  the  deflection  will  be — 


-i — 


d  being  the  ^ 

depth  ef:  jL^.^^— —  I 

and  of  the' 
bar  ahicj 

,,    ,  d  being  the  depth  eg  ;  rejecting  /*  and  a,  which 

are  the  same  in  both  cases,  the  relative  elasticity  of  the 
two  bars  will  be  as  rf* :  ef » ;  or  the  additional  stiffiiess, 
given  by  the  depth /g-,  will  be  d^^df^^is,.  Now,  sup- 
pose, instead  of  the  rectangular  portion  hhdij  the  two 
semi-elliptic  parts,  ^g-  A,  fg  ?",  be  added  ;  the  additional 
stifiness,  e,  must,  therefore,  be  diminished  in  the  ratio, 
which  the  semi-elliptic  part,  fg  h,  and  /g  iy  gives  to 
the  bar,  instead  of  the  rectangular  portion,  hbd  i.  The 
relative  rigidity  of  rectangular  and  elliptic  bars,  we  have 
before  seen,  is  as  41 :  33^  but  they  will  be  varied  by  the 
peculiar  shape  of  the  elliptic  part  in  the  formation  of 
the  rail.  If,  however,  the  under  side  of  the  rail,  or  the 
curve,  hfiy  was  that  of  a  perfect  ellipse,  and  if  the  sides 
were  perfectly  parallel,  we  might  calculate  the  relative 
rigidity  of  the  two  bars  ;  that  of  a  rectangle,  abcd^  and 
that  of  all  the  elliptic  bar,  a  hfi  c.  But  we  have  seen, 
that,  in  the  mode  of  manufacture,  the  line  bounding  the 
under  side  is  not  that  of  a  perfect  ellipse  ;  besides  this, 
although  the  line  a  hfi  c  of  the  elliptic  rail,  is  generally 
of  that  form  shewn  by  the  formula,  page  79,  or  that  of 
a  perfect  ellipse,  yet  we  know  that  the  lateral  breadth 
varies  very  much,  and  likewise  the  breadth  and  depth 
of  the  lower  rib.  We  shall  therefore,  as  the  subject  is  of 
great  importance,  give  the  result,  of  a  series  of  experi- 
ments,  of  the  deflection  of  differently  formed  parallel  and 
elliptical  rails,  made  with  a  view  of  determining  this 
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question ;  and,  we  are  the  more  inclined  to  rely  upon 
this  mode  of  settling  the  relative  rigidity,  inasmuch  as 
it  is  not  improbable,  that  the  mode  of  manufecturing 
the  elliptic  rails  may  have  some  effect,  in  altering  their 
rigidity,  in  different  parts  of  the  rail,  as  compared  with 
what  theory  would  deduce. 

§  4. — Experiments  on  the  Comparative  Rigidity  of 

different  Sections  of  Rails. 

The  following  are  experiments,  made  on  the  flexi- 
bility of  different  sections  of  rails.  The  weights  were 
applied  by  means  of  a  steelyard,  and  the  deflection  was 
measured  by  a  micrometer  screw,  seventeen  threads  to 
an  inch,  with  a  dial-plate,  shewing  the  sixty-fourth  part 
of  a  revolution  of  the  screw,  and  thus  exhibiting  the 
1088th  part  of  an  inch  deflection. 

In  conducting  the  experiments,  a  strong  framing  of 
timber  was  erected,  the  chairs  of  the  rails  were  bolted 
firmly  to  the  framing,  and  the  rails  fastened  to  the  chairs, 
by  the  same  keys  which  were  intended  to  be  used,  in 
laying  them  for  permanent  use. 

In  all  the  experiments,  the  distance  between  the 
centre  of  the  supports  was,  precisely,  three  feet ;  but  as 
each  end  of  the  rail  rested  upon  the  chairs,  intended 
for  their  use,  the  width  of  tlie  base  of  the  chair  is 
stated,  in  the  account  of  each  experiment,  thereby 
giving  the  length  of  clear  bearing.  They  are  stated, 
either  to  have  been  fixed  or  loose  j  when  loose,  the 
two  ends,  only,  of  the  three-feet  length,  subjected  to 
experiments,  were  firmly  fixed  to  the  two  chairs, 
forming  its  support ;  but,  when  stated  to  be  fixed,  the 
entire  rail  was  firmly  keyed  down  to  each  chaii',  and  all 
the  remaining  divisions  of  the  rail,  or  all  the  chairs,  at 
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every  three  feet,  were  firmly  screwed  down  to  the  timber 
framing. 

The  first  column  of  the  tables  shews  tlie  weight, 
applied  to  the  middle  of  the  rail,  in  cwts. ;  the  second 
column  shews  the  deflection  in  the  middle  of  the  rail, 
while  the  weights  were  resting  upon  it ;  and  the  third 
column  shews  the  deflection,  after  the  weights  were 
removed.  The  deflection,  after  the  weights  were  re- 
moved, and  again  applied,  is,  also,  shewn  in  the  tables. 
Thus,  in  Table  I.,  weights  were  successively  applied, 
amounting  to  sixty-eight  cwt.,  when  the  deflection 
was  found  to  be  '0386  of  an  inch ;  they  were  then 
taken  off,  and  no  permanent  deflection  observed.  The 
weights  were  applied  again,  and  the  deflection  found 
to  be  the  same  as  before.  This  was  the  case  with  five 
weights ;  but  on  six  being  applied,  equal  to  102  cwt., 
the  deflection  was  -OGlS  ;  they  were  then  removed,  and 
a  permanent  set  of  •0027  had  taken  place  ;  the  weights 
were  again  applied,  and  the  deflection  was  found  to  be 
greater  than  when  the  same  weights  were  applied,  or 
•00624,  shewing  that  the  rail  had  been  injured.  The 
third  column,  in  each  set  of  experiments,  gives  the 
deflection,  corresponding  to  each  seventeen  cwt.  of 
insistent  weight. 
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Table  I. 

Wrought-iron  rail,  Fig.  7,  Plate  IL^  14  feet  11 J  inches  long,  of 
five  lengths,  weight  167  lbs.,  33  lbs.  per  yard.  Breadth 
of  top  2^  inches,  depth  1  inch ;  depth  of  rib  l-fj-  inches, 
breadth  f  inch ;  depth  of  keel  f  inch,  breadth  J  inch ; 
extreme  depth  in  middle  3f^  inches,  tapering  away,  in  a 
semi-elliptical  curve,  to  2|  inches  at  each  end.  Breadth  of 
chair  3^  inches. 


•a 


17 
34 
51 
68 

85 

102 

119 

136 

153 

170 

187 


Supports  fixed. 


Experiment  I. 


1% 


•0091 

•0183 

•0284 

•0386 
•0386 

•0468 
•0468 

•0615 
•0624 

•0753 
•0753 


•0 


•0 


•0027 


0055 


0900  -0122 
0910 


•1107 
•1108 

•1126 
•1127 

1158 


•0165 


•0248 


•0477 


0092 
•0101 
•0102 
•0082 

•0147 

•0138 

•0147 


Experiment  II. 


1*5  s* 


•0091 

•0193 

•0303 

•0413 
•0413 

•0468 
•0468 

•0624 
•0634 

•0762 
•0762 


1^ 


12 


•0910 
•0207  ^0910 


•0019 


•0032 


•1106 
•1107 

•1124 
•1127 

•1168 


•o 


•0 


•0027 


•0055 


0091 


•0156 


0275 


•0496 


•0102 

OHO 

•0110 

•0055 

•0156 

•0138 

•0148 

•0196 

•0018 

0044 


Supports  loosz. 


Experiment  III. 


ii 


0147 

•0294 

•0432 

•0579 
•0579 

•0744 
•0744 

•0919 
•0956 

1149 
•1149 

•1470 
•1499 

•1801 
1930 

•2573 


•0018 


•0036 


•0101 


•0202 


•0367 


0615 


•1264 


<S 


i 


•al: 


•0147 
•0138 
•0147 
•0165 

•0175 

•osso 

•0321 
•0331 
•0772 


Mean  deflection  per  ton  ^0123 


•014 
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Table  IL 
Wroughl-iron  rails,  Fig,  10,  Plate  11,,  14  feet  10  inches  long, 
of  five  lengths,  weight  157lbs,  S21ba.  per  yard.  Dreadtli 
of  top  2^  inches,  depth  \  inch;  depth  of  rib  If  inches, 
breadth  -J-  inch ;  depth  of  keel  1-^  inches,  breadth  1  inch; 
extreme  depth  in  middle  3(  inches,  tapering  away,  in  a 
semi-elliptical  curve,  to  2^  inches,  within  1-^  inch  of  each 
end.'     Breadth  of  chair  Z\  inches. 


SciroiTi  niiD.                                 1 

Sdi- 

w«ra  coosf. 

Eiperimeol  I. 

It 

r 

Ill 

1 
J 

it. 

Ill 

11 

ill 

I 

17 

<,no 

■0119 

■OI'JS 

■0091 

■o„. 

■0184 

34 

•0329 

■0133 

■oizig 

■0093 

■0358 

"0165 

51 

■0367 

•0110 

■0312 

■0138 

■  0523 

■0175 

■0477 

■0018' 

■0018 

■069S 

<H77 

1  -0166 

•o^so 

■0138 

■0707 

■0193 

■0643 

•0036 

■OSSB 

■0036 

■0S91 

■0O82 

■0643 

1  -0175 

-0538 

0128 

■0891 

■0219 

loa 

■0818 

■0827 

■0384 

•07W 

■OOSi 

■0147 

■1110 
■HIS 

■0147 

■0018 

119 

•iioa 

■1106 

■oias 

'  ■004S 

■086a 

■0091 

■0245 

■11G3 

■04O1 

-0132 

ISA 

■115S 

■0367  ' 

;  -0066 

■1106 

■0165 

■0033 

■1310 

■1159 

■018i 

1J3 

■123S 
■1S46 

■018S 

1143 
■1147 

■0404 

■0046 

■  147'l 

■1217 

170 

■ms 

■1268 

■1189 

■0716 

Mean  dcflcctian  pc 

,».-0,35 

■0205 

D  Ihis  and  tho  tira  fuUoving  raili,  a  egiivci  projection  fit  the  end  oF  each,  3  feet 
I,  about  f  inch  deep,  and  3  incbes  long,  U  rolled  upon  the  undur  side,  it^ich 
■ miUng  csfit;  in  tiic  base  or  tlie  cliair. 
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Table  III. 

Wrouglit-iron  rail,  Fig.  10,  Plate  IL^  14  feet  8  inches  long,  of 
five  lengths,  weight  162  lbs.,  S3  lbs.  per  yard.  Breadth  of 
top  2^  inches,  depth  1  inch  ;  depth  of  rib  \\  inches,  breadth 
f  inch ;  depth  of  keel  l^V  inches,  breadth  |  inch ;  extreme 
depth  in  middle  S-^s^  inches,  tapering  away,  in  a  semi-elliptical 
curve,  to  2 1  inches,  within  \\  inches  from  the  end.  Breadth 
of  chair  34-  inches. 


Supports  fixed. 

Supports  loose. 

Weight  applied, 
in  cwts. 

Experiment 

I. 

Experiment  11. 

Experiment 

III. 

Deflection 
with  weight 
applied. 

Permanent 
deflection. 

Deflection  for 
each  17  cwt. 

Deflection 
with  weight 
applied. 

Permanent 
deflection. 

Deflection  for 
each  17  cwt. 

Deflection 
with  weight 
applied. 

Permanent 
deflection. 

Deflection  for 
each  17  cwt. 

17 

•0064 

0110 

•0064 

•0119 

0091 

•0129 

34 

•0174 

0120 

•0183 

•0129 

•0220 

•0120 

51 

•0294 

0082 

•0312 

•OHO 

•0340 

•0119 

68 

•0376 

0 

'0422 

•0 

•0459 

0 

•0376 

0111 

•0422 

0111 

•0459 

•0147 

85 

•0487 

0 

•0533 

0 

0606 

•0 

•0487 

•0119 

•0533 

•0101 

0606 

•0120 

102 

•0606 

•0 

•0634 

0 

•0726 

•0018 

0615 

0092 

•0634 

'0128 

•0707 

•0092 

119 

•0698 

•0036 

•0762 

0027 

0818 

•0036 

•0698 

"0083 

•0762 

0148 

•0836 

•0137 

136 

•0781 

•0055 

•0910 

0055 

0955 

•0073 

•0781 

•0138 

•0919 

0202 

•0955 

•0168 

153 

•0919 

•0128 

•1112 

•0220 

•1123 

•0211 

•0974 

•0204 

•1115 

0039 

•1130 

•0154 

170 

•1123 
•1125 

•0303 

•0038 

•1151 

•0496 

•1277 

•1156 

187 

•1161 

•0616 

M( 

ean  defl< 

2ction  p< 

jr  ton  '013 

•015 
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Table  IV* 

Wrought-iron  rail,  Fig.  10,  Plate  IL^  15  feet  -^  inch  long,  of  five 
lengths,  weigl)t  196  lbs.,  39  lbs.  per  yard.  Breadth  of  top 
2j  inches,  depth  1  inch ;  depth  of  rib  1|-  inches,  breadth 
I  inch ;  depth  of  keel  1-,^  inches,  breadth  1  inch ;  extreme 
depth  4-1^  inches,  tapering  away,  in  a  semi-elliptical  curve, 
to  d|  inches,,  within  1-^  inches  from  the  end.  Breadth  of  chair 
3^  inches. 


17 
S4 
51 
68 

85 

202 

119 

136 


170 


187 


Supports  fixed. 


Experiment  I. 


a»  *:!   P* 


0* 


•0036 

•0110 

•0184 

•0275 
•0275 


•o 


0358     -O 
•0358 


0432 
0432 

0496 
0496 


\  JS 

in 


•O 


•0018 


•0579  !    0045 


•0579 


I 


153       ^0670 
•0670 


•O790 
•0799 

•0965 


•0082 


•0128 


•0229 


<X)74 
•0074 
•0091 
•0073 

•0074 

•0064 

•0083 

•0091 

•0190 

•0175 


Experiment  II. 


•a  ►'^ 


a 


•0035 

•0110 

•0165 

•0248 
•0248 

•0294 
•0294 

'0386 
•0386 

-0450 

•0459 


e  § 

a  s 


•O 


•0 
•0027  ( 


§.- 


I 


•0542     ^0045 
•0551 


•0625 
•0634 

•0726 
•0735 

•0882 


•0064 


•Olio 


11 


•0075 
•0055 
•0088 
•0046 

•0092 

•0079 

•0083 

•0083 

•0101 

•0156 


Supports  loosk. 


Experiment  III. 


■^11 

OS  s   Ou 

^  >  9* 


•0082 

•0174 

•0285 

•0386 
•0386 

•0459 
•0459 

•0569 
•0569 

•0689 
•0698 

•0836 
•0836 

•1102 
•1106 


•« 


•o 


•0027 


•0055 


•0110 


•0184 


•0303 


1156     ^071 6 


Mean  deflection  per  ton  '0085 


•0115 


a  « 
•3  « 

8  ^ 


Q 


•0092 
•0111 
•0101 
•0073 

•OHO 

•0120 

•0147 

•0266 

•0054 
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Table  V. 

Wrought-iron  rail,  Fig,  1,  Plate  IIL^  14  feet  11 4.  inches  long, 
of  five  lengths,  weight  186  lbs.,  37  lbs.  per  yard  Breadth 
of  top  2^  inches,  depth  -J.  inch ;  depth  of  rib  1-ff  inches, 
breadth  f  inch;  keel  round,  1-j^  inches  diameter;  extreme 
depth  d|  inches,  parallel  the  whole  length.  Breadth  of 
chair  5  inches. 


SUFPORTS  FIXED. 


1  - 


I 


•a  fl 


17 


34 


51 


68 


85 


102 


119 


136 


153 


170 


187 


Experiment  I. 


Experiment  II. 


•I  2-3 


•0073 

•0128 

•0173 

•0239 
•0239 

•0321 
•0321 

•0386 
•0386 

•0459 
•0459 

•0522 
•0522 

•0606 
•0606 

•0670 
•0670 

•0735 


^  g 


!s  ■'■ 


•o 


•o 


•o 


•0021 


•0045 


•0064 


•0082 


•0101 


•is 


•0055 
•0045 
•0066 
•0082 

•0065 

•0073 

•0063 

•0084 

•0064 

•0065 


(5 


•0064 

•0122 

•0183 

•0248 
•0248 

•0312 
•0312 

•0386 
•0386 

0459 
•0459 

•0542 
•0542 

•0606 
•0606 

•0670 
•0670 

•0772 


^  .2 
§  Z 


•0 


•o 


•o 


•0021 


•0045 


•0055 


•0073 


•0110 


0058 

0061 

•0065 

•0064 

•0074 

•0073 

•0083 

•0064 

•0064 

•0102 


Supports  loosx. 


Ezperimttnt  III. 


fi.SP 
5  «    • 


•0082 

•0173 

•0257 

•0349 
•0349 

•0459 
•0459 

•0569 
•0569 

•0661 
•0661 

•0774 
•0774 

•0863 
•0882 

•1165 


11 


0 


0018 


0055 


•0101 


020s 


•0S86 


•0606 


H 

c  » 
Q  ^ 


•0091 
•0084 
•0092 
•0110 

•0110 

•0092 

•0113 

•0089 

•0302 


Mean  deflection  per  ton  *  0076 


•0114 
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Table  VI. 


Elliptic  rail,  No.  L,  similar  to  that 
of  Experiment  I.,  length  15  feet 
2  inches,  weight  39  lbs.  per  yard. 


Portion  of  a  parallel  rail, 
No.  II.,  similar  to  Expe- 
riment v.,  weight  37  lbs. 
per  yard. 


Weight 

applied*  in 

cvts. 


17 


34 


51 


68 


85 


102 


119 


136 


153 


170 


Deflection 

with  vei^t 

applied. 


Perma- 
nent 
deflection. 


•0064 


•0156 


•0248 


•0340 


•0450 
0450 


•0561 
•0561 


•0716 
•0716 


•0873 
0900 


1182 
•1198 


Deflection 
for  each 
17  cwt. 


Deflection 

with  weight 

applied. 


0 


0 


0 


0036 


09 


•1351   -1193 


•0092 


•0092 


•0092 


0110 


0111 


0155 


•0157 


0309 


0169 


•0064 


0165 


•0321 


Perma- 
nent 
deflection. 


0422 


0523 
0523 


0615 
0615 


•0744 
•0744 


0919 
0919 


•1111 
1116 


•1246 


Deflection 

for  each 

1 7  cwt. 


•0 


0 


0 


•0042 


0257 


1154 


0101 


•0156 


0101 


•0101 


0092 


•0129 


•0175 


•0192 


•0135 


Mean  deflection  per  ton  •Oil 7 


•013 
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Table  VII. 

Wrought-iron  rails,  Fig  10,  Plate  IL^  for  elevation,  and  Fig.  10, 
Plate  JIL^  for  section.      Breadtli  of  top  2^  inches,  depth 

1  inch;  breadth  of  rib  *6  inch,  depth  2^  inches;  breadth  of 
bottom  1^  inches,  depth  1^  inches;  extreme  depth  in  middle 
5  inches,  tapering  away,  in  a  semi-elliptic  curve,  to  ^  inches ; 

2  inches  from  end.  Breadth  of  chair  4^  inches ;  base  of 
chair  concave,  with  semicircular  projection  on  rail,  3  inches 
by  ^  inch. 


Weight 
in 

Expcrimeut  I. 
49*  3  IhR.  per  yard. 

Experiment  II. 

Experiment  III. 

50*  9  lbs. 

per  yard. 

50*  9  Ibg. 

perjard. 

Deflection 

Deflection 

Deflection 

Deflection 

Deflection 

Deflection 

cwts. 

by 

for  each 

by 

for  each 

by 

for  each 

index. 

14  cwt. 

index. 
•0018 

14  cwt. 

index. 

14  cwt. 

20 

•0018 

•0014 

34 

•0036 

•0018 

•0045 

•0027 

•0036 

•0022 

48 

•0055 

•0019 

•0073 

•0028 

•0064 

•0028 

62 

•0082 

•0027 

•0110 

•0037 

•0092 

•0028 

76 

•0110 

•0029 

•0156 

•0046 

•0119 

•0027 

90 

•0146 

•0036 

•0183 

•0027 

•0146 

•0027 

104 

•0174 

•0028 

•0220 

•0037 

•0165 

•0019 

118 

•0202 

•0028 

•0247 

•0027 

•0183 

•0018 

132 

•0229 

•0027 

•0274 

•0027 

•0202 

•0019 

146 

•0257 

•0028 

'0293 

•0019 

•0220 

•0018 

160 

•0293 

•0036 

•0321 

•0028 

•0238 

•0018 

174 

•0321 

•0028 

•0348 

•0027 

•0257 

•0019 

188 

•0339 

•0018 

•0376 

•0028 

•0275 

0018 

202 

•0376 

•0037 

•0404 

•0028 

•0303 

0028 

216 

0404 

•0028 

•0422 

•0018 

•0330 

0027 

230 

•0440 

0036 

•0458 

•0036 

•0358 

0028 

( 

Perina*  \ 
dcflcc"     / 

•0018 

Perma*  1 
dcflcc"     J 

•0018 

Permat   \ 
deflec-     J 

•0009 

Mean  de 

flection") 

! 

1 

wil 

th           \ 

•0386 

•0404 

•0316 

10  tons 

16  cwt.  J 

Mean  deflection  per  ton  "0035. 
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Table  VIII. 

Wrought-iron  rail,  breadth  of  top  2|  Inches,  depth  1  inch ; 
breadth  of  rib  "75  inch,  depth  1*875  inches;  breadth  of 
bottom  1^  inches,  depth  1  *  125  inches,  extreme  depth  4  inches. 
Parallel  rail.  Breadth  of  chair  4i  inches.  Section,  Fig.  11, 
Plate  HI. 


in 

Ejcperiment  I. 

Experiment  II. 

Experiment  III. 

48-47  Iba. 

per  yard. 

49*  4  lb. 

[ler  yard. 

49*4  lb.  per  yard. 

Deflection 

by 

index. 

Deflection 

for  each 

14  cwt. 

Deflection 
by 
index. 

Deflection 

for  each 

14cwt. 

Deflection 

by 

index. 

Deflection 
for  each 
14  cwt. 

20 

•0027 

•0022 

•0022 

54 

•0073 

•0046 

•0055 

•0033 

•0046 

•0024 

48 

•0119 

•0046 

•0082 

•0027 

•0092 

•0046 

62 

0165 

•0046 

0119 

•0037 

•0128 

•0036 

76 

0211 

•0046 

•0146 

•0027 

•0165 

•0037 

90 

•0257 

•0046 

•0183 

•0037 

•0192 

•0027 

104 

•0294 

•0037 

•0220 

•0037 

•0229 

•0037 

118 

0348 

•0054 

0275 

•0055 

•0266 

•0037 

132 

•0385 

•0037 

"0312 

0037 

•0293 

•0027 

146 

0422 

•0037 

•0339 

•0027 

•0330 

•0037 

160 

0459 

•0037 

•0367 

•0028 

•0367 

•0037 

174 

0505 

•0046 

•0404 

•0037 

•0404; 

•0037 

188 

•0449 

•0045 

; 

2021 
216  J 

Perma'  \ 
deflec"     r 

•0027-1 

•0477 
0541 

00281 
•0064J 

1 

• 
No  permanent 
deflection. 

230 

0624 

Perma'  T 
deflec"  J 

•0083 
•0110  . 

• 

Mean  deflection  l 
with  8  tons    -  J 

•0432 

0345 

•0345 

Mean  deflection  per  ton  '0046. 
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Table  IX. 

Experiments  made  at  Woolwich,  to  ascertain  the  strength,  and 
stiffness,  of  the  parallel  rail,  with  double  flanch,  for  the  North 
Union  railway,  by  Professor  Barlow,  Fiff.  12^  Plate  III. ; 
weight  per  yard,  62  lbs.,  area  of  section  6  inches,  depth 
4^  inches. 

Result  obtained  from  three  single  experiments. 


Weight 

Deflection  Deflection! 

Deflection 

Deflection 

Deflection 

Deflection 

in 

by 

for  each 

by 

for  each 

by 

for  each 

tons. 

index. 

ton. 

index. 

ton. 

index. 

ton. 

1 

•028 

•035 

•009 

2 

•031 

•003 

•039 

•004 

•016 

•007 

S 

036 

005 

•044 

•005 

•020 

•004 

4 

•038 

•002 

•048 

•004 

029 

•009 

5 

043 

•005 

•054 

006 

•033 

•004 

6 

046 

003 

•059 

•005 

034 

001 

7 

•050 

•004 

•064 

•005 

038 

•004 

8 

055 

•005 

•069 

00^ 

042 

004 

9 

•060 

•005 

•076 

007 

•046 

•004 

10 

066 

006 

•082 

006 

•050 

•004 

11 

•074 

•006 

•086 

•004 

055 

005 

12 

•084 

010 

•096 

•010 

•066 

•Oil 

Mean  deflection,  1  .^ci 
with  11  tons  -/   "^* 

•0^ 

55 

•051 

Result  obtained  frc 

>n  the  mea 

n  of  three 

experimei 

Its. 

Weiffht '  Deflection 

Deflection 

Deflection 

Deflection 

Deflection 

Deflection 

in 

by 

for  each 

by 

for  each 

by 

for  each 

tons. 

index. 

ton. 

index. 

ton. 

index. 

ton. 

1 

•027 

•021 

•018 

2 

031 

•004 

•026 

005 

•024 

•006 

3 

•036 

•005 

•031 

005 

028 

*004 

4 

•039 

•003 

'0S6 

•005 

•033 

005 

5 

044 

•005 

•041 

005 

•037 

•004 

6 

•048 

004 

•044 

•003 

•040 

003 

7 

052 

•004 

•048 

004 

•044 

004 

8 

•057 

•005 

•053 

•005 

048 

•004 

9 

063 

006 

•059 

•006 

•053 

005 

10 

•070 

007 

064 

005 

•059 

006 

11 

•077 

•007 

•071 

•007 

•067 

•008 

12 

•087 

010 

•081 

•010 

•077 

•010 

Mean  deflection,  \  .  ^  - - 
with  11  tons  -/ 

•0 

55 

•0 

54 

Mean  deflection  per  ton  •  005. 
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Table  X. 

Experiments,  by  Professor  Barlow,  on  Mr.  Stephenson's  50  lbs. 
per  yard  elliptic  rail;  greatest  depth  5  inches,  least  depth 
3 1  inches,  thickness  of  rib  -^  inch,  bearings  3  feet  apart. 


Experiment  I. 


1 
2 
3 

4 
5 
6 

7 

7i 
8 

8i 
9 

9i 
10 

11 
17 


o 
o    . 

?« 

I' 


035 
•045 
•055 
•065 
•071 
•07« 
•087 
•095 


§1 

li 

Q 


•010 
•010 
•010 
•006 
•005 
•010 
•018 


{ 


Experiment  II. 


§ . 

M 
01 

Q 


I 


•014 
•022 
•030 
•042 
•050 
•062 
•075 


•085 


•101 


elasticity 
injured. 

•300 


|8 


008 
008 
012 
008 
013 
Old 


•010 


•016 


} 


Experiment  III. 


a 
o    . 

II 


•018 
•025 
•038 
•054 
•062 
•069 
•080 


•094 
•100 

112 

118 

•126 

160 
destroyed 


<a 


2  s 


1 


•007 
•013 
•016 
008 
•007 
•Oil 


•014 
•012 
•018 
•018 

•014 

034 


Experiment  IV. 


Mean  deflection  per  ton,  No.  1  — 

2  — 

3  — 

4  — 

Mean  - 


•0097 
•0101 
•0110 
•0090 

•0100 
» 


i  • 

•r  H 

CB  S 


•045 
•056 
•065 
•075 
•084 
•095 
•105 


•110 


•116 


•125 
165 


.12 
Q 


•Oil 
•009 
•010 
•009 
•Oil 
•010 


•005 


•006 


•009 
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Table  XI. 


Fish-bellied  roil,  same  as  Table  VII., 
weight  4.9'3lba.  per  yard;  distance 
of  supports  3  ft.  Oi  inch.     Fig.  10, 

Parallel  rail,  same  as  Table  VIII., 
weight  48  'iT  lbs.  per  yard ;  dia- 
tanee  of  supports  3ft.  OJ  inch. 
Fig.  n,  Piatt  in. 

2 

t 

1 

6  cbairs  filed, 
and 

2  cbain  filed. 

and 

niil  keyed. 

2  chairs  quilc 
loose,  aud 
rail  keyed. 

6  chairs  fited, 

ai>J 

rail  keyed. 

Sd>iuniflied, 

and 

r«il  keyed. 

2chai»l««, 

and 

raU  keyed. 

.5- 

ll 

|1 

1- 

jl 

.2- 
§1 

H 

jl 

|1 

ll 

|.5 

|1 

|l 

1! 
It 

20 
34 

90 

I(H 
IIH 

ins 

[46 

ISO 

174 

■oois 

'0036 
■0053 

■0110 
OMS 
■0174 
■020'' 
■<H39 
■0S37 
■0293 
■0331 

■0018 
■0019 

■00«8 
■0036 
■002B 
■0028 
■0037 
•002S 
■0036 
■0028 

■0055 
■0101 
■0137 

■0247 
■0284 
■0320 
0348 

■0423 

■0037 
■0046 
■0036 

■0036 
■0037 
■0036 
■0028 
■0037 

■0027 
'0061 
■0101 
0157 

■03O2 
■0847 

0284 
■0311 
■0357 
■03fM 
■0482 

■0037 
■0037 
■0036 
■0037 
■0O2B 
■0045 
0037 
•0027 
■0046 
■0037 
■0028 

■0027 
■0073 
■0119 
■0165 
■0211 
■0257 
■0312 
■0348 
■  0395 
■0431 
■04SH 
■0505 

■0046 

■004S 
■0055 

0047 

■003C 

■0128 
■0192 

■0256 
■0330 

■0395 
■0477 

•0046 
•0046 
•0046 
■0046 

0074 
■0065 

0062 

■0055 
0119 
■0174 
■0247 
■0303 
■0385 
-045S 
■0177 

■D064 
■OOJi 
■007) 
■OOK 

■offii 

■0019 

SSSi  ■•»» 

■0043 

•0042 

■ooji 

■0073 

■OOTl 
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Table  XII. 


Dublin  old  rM^Fiff.  \%PUUeIlL  ; 
3  feet  bearings ;  3^  inches  deep, 
2  inches  in  breadth  at  bottom, 
2§  inches  at  top  ;  15  feet  long ; 

Same  rail,  Fig.  13,  PlaU  III.  ; 
with    top  downwards    or   re- 
versed ;    3    feet    bearings. — 

ISth  Mav  \9K'\fi 

parallel ;  weight  45  lb*  per  yard. 

X^MI    UAtXy     XO^xJ* 

Weight 

Obsenred 

Deflection  Permanent 

Weight 

Obaenred 'Deflection 

Permanent 

ODprco. 

deflcetioa. 

per|ton. 

aet. 

on  press. 

deflection. 

per  ^  ton. 

set. 

Slbs. 

Oil 

•013 

3  lbs. 

•014 

•009 

' 

6  - 

•024 

•007 

6  - 

•023 

006 

9  - 

"031 

•009 

9  - 

•029 

•008 

' 

12  - 

'040 

•Oil 

12  - 

•037 

•012 

15  - 

•051 

•006 

15  - 

•049 

•009 

18  - 

•057 

Oil 

18  - 

•058 

"009 

21  - 

•068 

•009 

21  - 

•067 

•009 

24  - 

•077 

•001 

24  - 

•076 

•002 

•010 

Oil 

27  - 

•087 

•010 

•002 

27  - 

•087 

'005 

•003 

30  - 

•097 

•010 

•003 

30  - 

•092 

•008 

•004 

33  - 

•107 

Oil 

•004 

33  - 

•100 

•Oil 

006 

36- 

•118 

•013 

008 

36  - 

•111 

•012 

•008 

39  - 

131 

•020 

•Oil 

39  - 

•123 

•015 

•012 

42  - 

151 

•017 

•019 

42  - 

•138 

•019 

•018 

45  - 

•168 

026 

•027 

45  - 

•157 

•029 

•030 

48  - 

•194 

052 

•047 

48  - 

•186 

•052 

•051 

51  - 

•246 

•100 

51  - 

•238 

•095 

Mean  deflection  per  ton  *019 

Mean  deflection  per  U 

)n  ^018 

H 
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Table  XIII. 

Mr.  Stephenson's  fish-bellied  44  lbs.  per  yard  rail,  Fig.  14, 
Plate  IIL;  3  feet  bearings,  4^  inches  deep  in  middle,  3^  at 
ends. 


Some  rail,  top  downwards. 

Weight 

Obserred 
deflectioD. 

Deflection 

1^ AVffVl  a  T%  A v%  ^ 

on 
press. 

for  each 
i  ton. 

deflection. 

% 

Observed 
deflection. 

Deflection 

for  each 

^ton. 

Permanent 
deflection. 

3158. 

•008 

•009 

6  - 

•018 

•010 

•019 

•010 

9  - 

•026 

•008 

027 

•008 

12  - 

•036 

•010 

•035 

•008 

15  - 

•045 

•009 

042 

•007 

18  - 

•054 

•009 

•051 

•009 

21  - 

•062 

•008 

•057 

•006 

24  - 

070 

•008 

•065 

•008 

27  - 

•076 

•006 

•072 

•007 

30- 

•084 

•008 

•079 

•007 

83  - 

•091 

•007 

•086 

•007 

36  - 

•099 

•008 

•003 

•094 

•008 

•004 

89  - 

•109 

•010 

•004 

•103 

•009 

•004 

42- 

'116 

•007 

•004 

•111 

"008 

•006 

45  - 

•125 

•009 

•005 

•122 

•Oil 

007 

48  - 

•135 

•010 

•007 

•130 

•008 

•010 

51  - 

•148 

•013 

•012 

•143 

•013 

014 

54  - 

•162 

•014 

•018 

•158 

•015 

•022 

57  - 

"180 

•018 

•029 

•183 

•025 

•040 

60  - 

•238 

058 

•078 

•280 

•097 

•121 

81  - 

crippled. 

1-280 

crippled. 

r280 

Di 

^flection  p 

»er  ton  '0. 

166 

•0154 

» 
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Table  XIV. 

Grand  Junction — Mr.  Locke's  62  lbs.  parallel  rail,  Fig.  12, 
Plate  III. ;  3  feet  bearings,  44-  inches  deep. 


Weight 

on 
prcM. 

Obsenred 
deflection. 

Deflection 

for  each 

4  ton. 

Perma- 
nent 
deflection. 

Observed 
deflection. 

Perma^ 

nent 

deflection. 

3  lbs. 

•006 

004 

•005 

005 

6  — 

010 

•004 

•010 

•003 

9  — 

•014 

•003 

•013 

'004 

12  — 

•017 

•004 

•017 

•005 

15  — 

•021 

•003 

•022 

•002 

18  — 

•024 

•004 

•024 

•004 

21  -- 

•028 

•004 

•028 

•004 

24  — 

•032 

•003 

•032 

•003 

27  — 

•035 

•004 

•035 

•004 

SO  — 

•039 

•003 

•039 

•003 

33  — 

•042 

•002 

•042 

•004 

36  — 

•044 

004 

•046 

•004 

. 

39  — 

048 

•007 

\r 

•050 

•004 

42  — 

•055 

•005 

•054 

•004 

no  set. 

45  — 

•060 

•004 

•058 

•004 

48  — 

•064 

•005 

•062 

•003 

per  set. 

51  — 

•069 

•005 

002 

065 

•005 

•001 

54  — 

•074 

'005 

•070 

•004 

57  — 

079 

•005 

•074 

•004 

60  — 

084 

•004 

•004 

•078 

•006 

•003 

63  — 

•088 

•004 

•084 

'005 

66  — 

•092 

•010 

•089 

•009 

69  — 

•  102  an 

d  after  a  rest  of 

•098    ■ 
•100     ' 

4 

rest. 

•015 

5  mini 

ites  •  108 

72  ^ 

— 

— 

— 

•113 

75  — 

— 

— . 

— 

•134 

84  — 

_ 

^^ 

.^_ 

'166   ' 
•250  / 

rest. 

•172 

Deflection  p< 

ertoa*0077 

•0075 

u  9. 
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Table  XV. 


Grand  Junction,  or  Mr.  Locke's, 

Grand  Junction,  or  Mr.  Locke's, 

parallel  rail,  Fig.  12,  PUite  III.; 
62  ibs.  per  yard ;  5  feet  bear- 
ings, 4j  inches  deep. 

62  Ibs.  per  yard  parallel  rail, 
Fiff.  12,  Plate  III.;    3  feet 

9  inches  bearings,  4^  inches 
deep. 

Weight 
■picss. 

Obwrred 

fiweach 
itoa. 

Penn»- 

nent 

defli-ction 

Weight 
press. 

Obsor-Hi 
deflection. 

Ibrateh 

iton. 

Penu- 

IWDt 

defleelkm. 

aibi. 

•017 

3  lbs. 

■009 

Oil 

6  - 

034 

017 

6  - 

■020 

9  - 

■051 

019 

9  - 

■026 

004 

12  - 

070 

016 

007 

19  - 

18- 

104 

019 

IS  - 

041 

008 

21  - 

■12S 

008 

24  - 

■140 

016 

18  - 

•049 

008 

S7  - 

'15S 

■003 

21   ~ 

■058 

019 

■066 

008 

'198 

008 

36  - 

■216 

016 

■005 

27  - 

■074 

008 

99  - 

-33S 

4S  - 

■855 

023 
037 

■009 

33  - 

■088 

006 

■45  - 

-S99 

009 

ae- 

097 

001 

Wei^l  removed.  «.d  ™l  left  to 

008 

ren  for  a  ahorl  time. 

39- 

■105 

009 

003 

33-     1        -187     J                   1     -003 

■114 

003 

3S-     1        -.17     1      ■"»     1     -015 

45- 

■lis 

009 

004 

Wdghl  removed  .g«n. 

DIO 

30  - 

■|7T 

017 

001 
002 

48  - 

■133 

Oil 

GOB 

OIO 

36  - 

■m 

028 

■004 

54  - 

■IS9 

015 

016 

SSI  - 

■245 

■007 

43  - 
45  - 

'992 

019 
028 

■026 

57  - 
60- 

■239 

059 

028 
058 

Deflection  per  ton  '034 

Defleetion  per  ton -0154              1 
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Table  XVJ. 

Gfsnd  JuactioD,  or  Mr.  LocWs,  parallel  rul,  Fig.  12,  I^ate  III. ; 
63  lbs.  per  yard ;  4  j  feet  bearings,  4)  inches  de^. 


w^t 

ObKrrcd 

Defledion 
fbr«h 

iton. 

Fermmmt 

ObMncd 

rbrcBcA 

Fmtuncnt 

piH. 

dofleclion. 

dea«ction. 

deflection. 

3  lbs. 

•013 

on 

012 

'010 

6  - 

■024 

•010 

■022 

•008 

9  - 

034 

■010 

■030 

■008 

12  - 

044 

■008 

•036 

■007 

15  - 

052 

'008 

■045 

009 

18  - 

060 

■009 

■054 

■008 

21  - 

■069 

■006 

'069 

■006 

24- 

•075 

006 

■068 

'007 

27  - 

■081 

Oil 

■075 

■009 

30- 

•092 

"000 

•001 

■084 

012 

33- 

•101 

•009 

■002 

"096 

■016 

36- 

■110 

■013 

•003 

■106 

•014 

•001 

39- 

■iss 

'009 

•006 

•120 

•029 

■006 

42  - 

■132 

■018 

•on 

•149 

■013 

•Oil 

45  - 

•150 

"040 

■022 

■162 

'025 

•018 

48- 

■190 

•07* 

051 

•187 

'053 

■031 

51  - 

•264 

■136 

•118 

■240 

■093 

■037 

54  - 

■400 

■ISO 

•240 

■335 

■035 

■162 

57  - 

•550 

■383 

■470 

■170 

■281 

60- 

— 

~ 

~ 

■640 

•433 

Deflection 

per  ton  ' 

m 

■0168 
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Table  XVII. 
Grand  Junction,  6*2  lbs.  per  yard  parallel  rail,  Fiff.  12,  Plate  UI. ; 
3  feet  bearings,  with  lower  web  reduced  to  l-i  inch  broad 
with  chiseU     Experiment  after  the   rail  was   heated  and 
cooled. 


weight   o, 

^^     Vt 

r'r  •'- 

-mitnent     0 

..„rf  i;- 

ion    •'•^ 

iZ.    "-^ 

«-■  t 

ti   '^ 

ixtioD.  det 

«:tiDD. 

9lbB. 

004 

003 

004 

6  - 

007 

006 

004 

"  - 

OlS 

004 

010 

12- 

016 

004 

013 

002 

IS  - 

020 

004 

015 

IB  - 

094 

019 

002 

91  - 

088 

001 

021 

003 

S»- 

0S9 

004 

024 

87  - 

039 

oca 

027 

004 

30- 

035 

004 

031 

33  - 

099 

034 

003 

36  - 

049 

005 

037 

003 

99  - 

047 

005 

040 

003 

49- 

059 

004 

049 

004 

45  - 

058 

005 

009 

047 

005 

003 

4B  _ 

061 

004 

003 

059 

005 

003 

51  - 

065 

005 

oot 

057 

0O4 

005 

54  - 

070 

008 

005 

061 

006 

007 

57- 

078 

007 

COB 

067 

OOS 

010 

60- 

085 

015 

016 

075 

015 

014 

69  - 

100 

099 

096 

090 

015 

097 

66  - 

193 

047 

046 

105 

025 

038 

69- 

170 

OSO 

088 

ISO 

037 

060 

72  - 

9«D 

065 

134 

167 

048 

095 

75  - 

985 

900 

215 

137 

7S  _ 

360 

075 

oae 

370 

376 

061 
079 

197 

ei  _ 

446 

094 

350 

355 

095 

974 

B4  - 

530 

440 

4S0 

368 

Dc 

ectionper  t 

n  -0074 

■006 
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Table  XVIII. 

Elliptic    rai],    50  lbs.    per  yaxd.  Fig.  19,  Plate  HI.  ;   bearings 

3  feet,  greatest  depth  4  inches,  depth  at  ends  2{  inches. 


EipcrimeTit  I. 

n. 

EiperiniBol  III. 

i 

s 

Mine  nil,  top  down. 

I 

s 

t 

1i 
If 

i 

i 
J 

4 

1  = 

S! 

•1      — 

.    1 

i 

Slbi. 

010 

008 

007 

-006 

6  - 

020 

■006 

016 

008 

013 

■007 

9  - 

036 

"006 

024 

004 

090 

■OOS 

IS- 

038 

■010 

03« 

009 

OSj 

■005 

IS  - 

043 

■008 

037 

006 

030 

'O06 

IS  - 

050 

■006 

043 

007 

036 

006 

9!  - 

056 

■007 

050 

006 

049 

84  - 

063 

•007 

056 

007 

048 

■008 

r?  - 

070 

■00 J 

063 

005 

056 

90  - 

075 

■007 

068 

009 

063 

■007 

33  - 

088 

■ois 

077 

003 

■001 

070 

■001 

M  - 

094 

■005 

080 

019 

■003 

080 

■004 

99  - 

104 

■010 

09S 

■006 

089 

■007 

OOS 

■009 

4S  - 

111 

010 

100 

■007 

099 

■008 

45- 

120 

■006 

■Oil 

110 

014 

■009 

110 

'008 

-019 

■oil 

194 

-014 

•020 

■Oil 

51  - 

137 

■017 

146 

060 

-030 

135 

095 

■039 

54  - 

IJ6 

■027 

■083 

{ 

SOG 

} 

■065 

■084 

160 

■080 

■054 

57  - 

183 

■047 

-047 

274 

SSO 

■07S 

•106 

60  - 

930 

■074 

■086 

-390 

■959 

995 

"055 

■176 

63  - 

304 

■100 

■154 

4,50 

■317 

6«  - 

404 

■S44 

■49S 

73  - 

61  -      I 

660 

1-480 

2-160 

1-960      1 

640 

1-480 

DcAcM 

ioD  pci  ton  * 

0144 

■oisa 

■0195 
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Table  XIX. 


Liverpool  and  Manchester,  35  lbs.  per  yard  elliptic  rail,  Fig.  18, 
Plate  IIL;  3  feet  bearings,  greatest  depth  3^  inches,  depth  at 
ends  2\  inches. 


Experiment  I. 

Experiment  IL 

Weight 

on 

press. 

Observed 

Deflection 

for  each 

^  ton. 

Permanent 

Obaenred 

Deflection 

for  each 

^  ton. 

Permanent 

deflection. 

deflection. 

deflection. 

deflection. 

3  lbs. 

•018 

•012 

•013 

012 

6  - 

030 

014 

•025 

•Oil 

9  - 

044 

•015 

•036 

•015 

12  - 

059 

•012 

•051 

•015 

15  - 

•071 

•018 

001 

•066 

•012 

18  - 

089 

•014 

•004 

•078 

•014 

•001 

21  " 

103 

•016 

•005 

092 

013 

003 

24  - 

'119 

•015 

•006 

•105 

016 

004 

27  - 

134 

•022 

009 

•121 

•017 

006 

SO- 

•156 

•023 

•016 

•138 

•019 

•013 

33  - 

•179 

•083 

•028 

•157 

•028 

019 

36  - 

•262 

080 

•098 

185 

•049 

033 

39  - 

•342 

V 

•167 

•234 

•112 

069 

42- 

"~" 

•— ■ 

•346 

•167 

De 

flection  per  ton  ^0265 

•025 
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Table  XX. 


Lirerpool  and  Manchester  railway  company,  50  lbs.  parallel 
rail.  Fig.  15,  Plate  III. ;  3  feet  bearings,  3|  inches  deep. 


prBB. 

Eiperimcnl  II. 

Top  downwarls. 

Top  upwards 

Defl.!ciiot. 
for  each 

Pemunenc 

ObMned 

defleclion. 

DeBeclion 
for  e«h 
itoo. 

PenmncDl 
dtflcclion. 

deOnnlon. 

Sibt 

6- 
9- 

IS  - 
IS- 
IS - 
21  - 
24  - 
27  - 
30- 
33- 
36- 
39  - 
*2  - 
45  - 
48  - 
51  - 
66  - 

•012 
*023 
"031 
•058 
•046 
•054 
•059 
■066 
■074 
■084 
•092 
•103 
122 
•166 
•2SS 
■335 
■434 
1^929 

Oil 
■OOB 
■007 
■008 
•008 
•COS 
■007 
'008 
■010 
■008 

on 

■019 
•044 
•069 
'100 
•099 

002 
005 
■010 
020 
■058 
•119 
■207 
■313 
r760 

•008 
016 
023 
•031 
•037 
■045 
•049 
•060 
067 
•076 
■086 
■097 
•122 
■190 
SSO 
■504 
■700 
2-780 

■008 
■007 
•008 
■006 
■008 
■004 

on 
■007 
009 
'010 
'Oil 
■025 
■068 
040 
•174 
•196 

001 
002 
•006 
020 
■085 
'223 
■387 
■575 
2-620 

Deflection  per  ton  "0155 

■0147 
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Liverpool   and  Moncliester,    60  lbs.  per   yard  parallel    rail, 
Fig.  17,  Plate  JII.;  3  feet  9  inches  bearing  4  inches  deep. 


E>perimcnl  I. 

Wiaght    — 

1                     1 

ni^s.         0 

nerviJ 

Dtflwlion   p^ 

matvotit 

Olaervsd 

Deflee.0.    p^ 

nn«n™i 

P"=^     a. 

Ltti.>D- 

'r.-'*  '''■ 

t-ction. 

doflertioii. 

i  ~         dr 

ection- 

sHx. 

010 

009 

009 

OOT 

6  - 

019 

006 

016 

9  - 

095 

094 

006 

la  - 

OSS 

006 

030 

15  - 

039 

007 

036 

009 

18  - 

046 

007 

045 

SI  - 

053 

007 

051 

007 

Si  - 

060 

006 

05S 

BT  - 

066 

008 

064 

008 

30  - 

074 

ooe 

001 

079 

008 

33  - 

088 

006 

COS 

080 

36  - 

088 

009 

003 

087 

009 

39- 

097 

007 

003 

096 

003 

009 

43  - 

104 

006 

004 

099 

009 

019 

45  - 

110 

003 

006 

IDA 

016 

48  - 

119 

oot 

0D9 

lis 

Oil 

090 

51  - 

193 

DOT 

016 

199 

019 

094 

54  - 

130 

D15 

OKI 

141 

019 

OSO 

S7  - 

145 

OSB 

039 

160 

040 

«0  - 

184 

059 

065 

ISO 

OSO 

059 

63  - 

943 

199 

ISO 

108 

080 

080 

68  - 

333 

197 

183 

■353 

75  - 

663 

590 

84  - 

- 

— 

rl90 

-             J 

035 

Deflcetion  per  ton  '014 

■or4 
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Table  XXII. 

Liverpool  and   Manchester   parallel  rail,  Fig.  17,  Plate  IIL; 
60  lbs.  per  yard,  4-^  feet  bearings,  4  inches  deep. 


1 

1 

Experiment  I. 

Experiment  II. 

Weight 

on 
press. 

Observed 

deflection. 

Deflection 

for  each 

\  ton. 

Permanent 
deflection. 

Obseryed 

deflection. 

Deflection 

for  each 

1  . 

Permanent 
deflection. 

}  ton. 

3  lbs. 

•021 

•Oil 

016 

016 

6  - 

•032 

•012 

032 

•013 

9  - 

•044 

014 

•045 

013 

12  - 

058 

•Oil 

* 

058 

•013 

15  - 

•069 

Oil 

071 

•012 

18  - 

080 

'008 

•083 

•012 

, 

21  - 

•092 

•010 

•095 

•012 

• 

24  - 

•102 

•014 

•107 

•013 

•001 

27  - 

•116 

•010 

120 

•012 

001 

SO  - 

•126 

•014 

•002 

•132 

•015 

•004 

33  - 

•140 

•018 

003 

•147 

•021 

•008 

36  - 

•158 

•034 

•010 

•168 

•035 

•018 

39- 

192 

•098 

•033 

•203 

•087 

•042 

42  - 

•290 

•134 

•123 

•290 

•146 

•121 

45  - 

•424 

•243 

•246 

•436 

•234 

•257 

48  - 

•667 

•470 

•670 

•471 

D 

eflectlon  per  ton  •O 

23 

•026 
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Table  XXIIL 

Liverpool  and  Manchester  parallel  rail.  Fig*  17,  Plate  III. ; 
Ex.  L  weight  6O4- lbs.  per  yard;  andEx.  11.  and  IIL  50-^ lbs. 
per  yard.    Ex.  III.  reversed ;  3  feet  bearings,  4  inches  deep. 


Experiment  I. 

Experiment 

IL 

Experiment 

III. 

1 

• 

§3 

«  0 

• 

•8.1 

5 

§2 

81 

ii 

t| 

i 

I 

•5hw 

Q 

§1 

^•3 
0^ 

|l 

\% 

h 

Slbs. 

•005 

•005 

•008 

009 

005 

•012 

6  - 

•010 

•007 

•017 

•009 

•017 

•009 

9  - 

•017 

•004 

•026 

•006 

•026 

•007 

12  - 

'021 

•005 

•032 

008 

•033 

007 

15  - 

•026 

•005 

•040 

008 

•040 

•006 

18  - 

•031 

•006 

•048 

•007 

•046 

•009 

21  - 

•037 

•005 

•055 

•007 

•055 

•005 

24  - 

•042 

•006 

•062 

•006 

•060 

•007 

27  - 

•048 

•004 

•068 

•008 

•067 

•007 

30  - 

•052 

•006 

•076 

•006 

•074 

•Oil 

•002 

S3  - 

•058 

•005 

•082 

•009 

•085 

•010 

36  - 

•063 

•006 

•091 

"Oil 

•005 

•095 

•016 

•008 

39  - 

•069 

•006 

•102 

014 

•010 

•111 

•021 

•017 

42  - 

•075 

•005 

•116 

•023 

•016 

•132 

•031 

•090 

45  - 

•080 

•007 

•001 

•139 

•019 

•032 

•163 

•047 

•052 

48  - 

•087 

•007 

•001 

•158 

037 

•045 

•210 

•058 

•005 

51  - 

•094 

•006 

•004 

•195 

•063 

•075 

•268 

•072 

•138 

54  - 

•100 

•012 

•005 

•258 

•112 

•130 

•340 

•088 

•813 

57  - 

112 

•020 

•013 

•370 

•234 

•438 

•900 

60  - 

•132 

•030 

•025 

63  - 

•162 

•028 

•049 

66  - 

•190 

•054 

•086 

69  - 

•244 

•140 

Def 

lection  per  ton  •( 

)107 

•014 

•155 
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The  foUowiDg  Table  will  shew  the  result  of  the 
several  preceding  experiments,  and  the  amount  of 
deflection,  for  each  ton  of  insistent  weight,  upon  the 
different  rails. 

Table  XXIV. 


FinUkl  nils. 

EUipiic  ™ilt 

1 

i. 

"5  3 

1 

■s.s 

it 

II 

si 

n 

•  1 

¥ 

j 

V. 
VI. 

xir. 

XL 

VIII. 
XX. 
XXI. 
XXII. 
XX  III 
IX. 
XIV. 
XVII. 
XV. 

ST 
37 
45 

SO 
50 

SO 
SO 
60 

eo 

«3 
69 

H 

4 

H 
*i 
<i 
*4 

31 

••{ 

se 

36 
39 

"{ 

60 

-0114 
■013 
■019 
OlS 

■0046 

■OIJS 
■0147 

-033 
■026 

■0107 

oos 

■0O77 
"0075 
■0074 
■006 
■01S4 

if. 
m. 

XIX. 

IV. 

VI. 
XIII. 
VII. 

XI. 

X. 

XVllI. 

3« 
33 
35 
39 

3a 
so 

SO 

so 

I 

4A 

s 

5 

1% 
,.  { 

SI* 

SIJ 

as  ■ 

OH 

oaos 

01  s 

0115 
0117 
0166 
0154 

0032 
0043 
0043 

0110 
0090 

0139 

To  compare  the  relative  rigidity  of  parallel,  with 
elliptic  rails,  it  will  be  necessary  to  reduce  all  the  ex- 
periments to  the  same  length  of  bearing.  With  a  view, 
therefore,  <^  more  clearly  shewing  the  comparison,  the 
following  Table  has  been  constructed,  wherein  the  d^ 
flection  shewn  is,  that  which  results  frmn  a  length  of 
bearing  of  thirQr-six  inches;   those  experiments  only 
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being  exhibited,  which  are,  more  particularly,  capable  of 
comparison,  and  the  mean  result  of  each  experiment 
only  is  given. 

Table  XXV. 


rsmllel  nib. 

Ellip 

croib. 

Weight 

Greatest 

Weight 

G  rent  est 

eiperlnuml- 

of  nil 
peryurd 

'^'i:''' 

flectian. 

Ka,  of 

oCrdI 

perynrd 

'^^f'.f   Dc-flecti™. 

mills. 

itlchM. 

inlbi. 

inchou 

1 

V. 

37 

H 

0181 

1. 

■J3 

m 

0189 

VI. 

37 

H 

ami 

11- 

32 

H 

0277 

XIL 

4S 

3* 

m. 

33 

3A 

VIII. 

50 

XIX. 

H 

0257 

XI. 

50 

IV. 

39 

■Vb 

0158 

XX. 

50 

3* 

0150 

VI. 

39 

^•Ai 

O160 

XXIII. 

50 

01-10 

xni. 

44 

H 

IX. 

60 

H 

VII. 

0053 

XXIII. 

60 

0107 

XI. 

50 

s 

0059 

XIV. 

ea 

ii 

0076 

X. 

50 

5 

010 

xvn. 

6S 

*i 

0067 

XVIII. 

50 

■* 

0138 

On  examining  the  above  Table,  and  comparing  the 
result  with  the  different  secdonal  areas  of  the  two  kinds 
of  rails,  it  will  be  seen,  that,  with  the  same  weight  per 
yard,  the  elliptic  rail  is  more  rigid  than  the  parallel ; 
the  two  sections,  which  appear  most  nearly  alike,  being 
VII.  and  XI.  in  the  eUiptic.  and  XIV.  and  XVII.  in  the 
parallel  rail.  But  it  will  be  seen,  on  examining  the  sec- 
tion of  these  latter  rails,  that  the  lower  flanch  is  much 
broader,  than  thatwhich  would  give  the  greatest  strength 
with  the  least  material ;  and  which  is  proved  by  the  ex* 
periments  in  Table  XVII.  where  the  breadth  of  the  rail 
was  reduced,  and,  consequently,  its  weight,  without  pro- 
ducing any  sensible  effect,  upon  the  rigidity.  The  con- 
clusion, from  these  experiments,  appears  to  be,  that,  by 
adopting  the  elliptic  form,  and  Uiereby  dbtaining  a 
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greater  depth  of  iron,  in  tlie  middle  of  the  rail ;  a  greater 
degree  of  rigidity  is  produced,  in  that  form,  with  the 
same  weight  of  material,  than  with  a  parallel  bar,  in  the 
middle  of  the  rail.  In  practice,  however,  it  has  been 
fomid,  that  the  elliptic  bars  do  not  become  injured,  in 
the  middle  of  the  rail,  but  about  nine  inches  from  the 
bearing,  or  about  one-fourth  of  the  length  between  the 
bearings.  This  has  been  found  to  be  the  case,  in  the  first 
rails  laid  down  upon  the  Liverpool  and  Manchester 
railway,  and,  more  particularly,  upon  other  railways, 
which  have  come  under  our  notice ;  where  all  the  rails, 
which  have  broke,  have  failed  about  seven  to  nine  inches 
from  the  bearing.  This  would  shew,  that,  besides  hav* 
ing  to  provide  for  a  sufficient  degree  of  rigidity,  in  the 
middle  of  the  rail,  the  action  of  the  carriages  requires, 
that  a  greater  degree  of  strength  should  be  given  to  a 
railway  bar,  near  the  points  of  support,  than  is  capable 
of  sustaining  the  load,  without  injury ;  or,  rather,  that 
more  than  a  uniform  degree  of  strength  should  be  given 
to  that  part  of  the  bar.  This,  of  course,  extends  only 
to  a  certain  degree  of  additional  strength,  the  above  re- 
marks applying  to  rails,  either  decidedly  too  weak,  or 
cf  bad  material ;  if  stronger  rails  are  used,  which,  we 
presume,  will  generally  be  done,  no  doubt,  a  saving  of 
material,  to  a  certain  extent,  may  be  accomplished,  by 
the  adoption  of  an  elliptic  form  of  rail. 

Besides  shewing  the  relative  rigidity,  of  different 
sections  of  rails,  these  experiments  are  useful,  in  shewing 
the  increase  of  effect  between  single  lengths  of  rails,  and 
long  lengths,  having  several  bearing  points.  In  the 
first  five  Tables,  the  experiments  will  shew  the  result^ 
between  a  single  length  of  rail,  and  the  whole  combined. 
In  those  experiments,  when  said  to  be  looser  the  single 
division  of  the  rail  only,  was  fastened  to  its  chairs  at 
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each  end,  and  those  chairs  fastened  to  the  timber  fram*- 
ingy  by  which  the  experiment  was  made  ;  but  when  said 
to  be  fixedy  all  the  chairs,  of  the  several  divisions  of  the 
rail,  were  listened  to  the  timber.  The  result  exhibits  a 
considerable  increase  of  rigidity,  and  points  out  the  ad- 
vantage of  long  lengths  of  rails,  and  the  necessity  of 
adopting  such  a  mode  of  fastening  the  rails  to  tlie  chairs, 
as  will  effectually  bind  the  whole  together,  and  prevent 
the  ends  of  the  rail  from  rising  out  of  the  chair. 

Having  thus  shewn,  as  well  the  relative,  as  the  actual, 
rigidity  of  different  sections  of  rails ;  it  now  becomes  ne- 
cessary  to  inquire,  to  what  extent  railway  bars  can  be 
deflected,  without  producing  an  increase  of  resistance 
to  the  carriages  passmg  along  them. 

§  5.— Increase  ofResistancey  hy  the  Deflection  of  Railway 

Bars. 

When  wrought-iron  rails  were  first  introduced^  it  was 
ol:gected  to  them,  that  the  resistance  to  the  carrii^es 
was  greater  upon  them,  than  upon  cast-iron  rails ;  ex- 
perience, having  proved  that  such  was  actually  the  case, 
on  some  railroads.  The  wrought-iron  rails,  when  firat 
laid  down,  were,  however,  much  too  weak  for  the  straki 
which  they  were  to  sustain,  and  it  was  surmised,  that 
the  increase  of  resistance  arose  from  the  nature  of  the 
material,  and  not  from  the  bending  of  the  wrougpht^iron 
rails,  from  their  deficient  strength. 

To  ascertain,  if,  in  the  first  place,  any  increase  of 
resistance  does  actually  exist,  from  the  nature  of  the 
material,  and,  next,  to  what  strain  wrought-iron  raila 
qould  be  subjected,  without  increasing  the  resistance^ 
the  following  experiments  were  made. 

Two  lengths  of  rails  were  laid  down  upon  balks  of 
wood,  one  of  cast,  and  the  other  of  maUeaUe  iron ;  both 
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of  which  were  taken  off  the  railway,  in  their  working, 
and  brightened,  state  j  they  were  laid  down,  parallel 
with  and  dose  to  each  other,  upon  the  same  balks  of 
timber,  so  that  a  pair  of  wheels  resting  on  one  could  be 
readily  lifted  upon  the  other.  Two  wheels,  joined 
together  by  an  axle,  and  taken  from  one  of  the  car- 
riages in  use,  were  then  placed  upon  one  of  the  lengths, 
and  loaded  on  the  lower  side  of  the  rim  with  weights, 
that  could  be  varied  at  pleasure.  The  wheels,  thus  loaded 
on  one  point  at  the  periphery,  became  like  a  pendulum  ; 
the  centre  of  gravity,  instead  of  being  in  the  centre,  was 
near  the  periphery.  The  wheels  being  placed  on  the 
rails,  would,  of  course,  only  remain  at  rest,  when  the  line 
of  gravity,  projected  from  the  point  resting  on  the  rails, 
passed  through  the  centre  of  the  axle,  joining  the  two 
wheels,  and  that  part  of  the  periphery  which  was  loaded. 
When  the  wheels  were  rolled  along  the  rails,  until  the 
line  of  gravity  did  not  pass  through  the  point  of  rest, 
but  was  several  inches  beyond  it,  and  then  let  go,  they, 
of  course,  vibrated  backwards  and  forwards,  until  the 
resistance  of  the  periphery  of  the  wheels,  upon  the  rails 
brought  them  to  rest.  This  mode  of  experimenting 
was  preferred,  to  trying  the  relative  resistance  by  car- 
riages ;  as,  in  experimenting  with  carriages,  two  species 
of  fiiction  are  experienced,  whereas,  by  this  mode, 
there  is  no  action,  except  that  of  rolling ;  and  by  lifting 
the  wheels,  alternately,  from  one  kind  of  rail  to  the  other, 
without  altering  the  weight,  the  comparison  upon  cast 
and  wrought  iron  became  very  delicate.  A  scale  was 
used,  to  measure  the  extent  of  each  vibration  from  the 
centre,  and  the  observations  were  made  by  a  telescope  ; 
and  the  number  of  oscillations  were  thus  counted, 
while  the  extent  of  the  vibrations  was  diminished  each 
inch. 
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The  marginal  sketch  will  shew  this*  mode  of  experi- 
menting.  abc  is  the  wheel,  in 
different  positions  jy^-  the  scale 
for  measuring  the  extent  of  the 
vibrations ;  w  w  w  the  weight 
placed  near  the  periphery. 

Thus,  at  the  commencement, 
the  wheel  was  rolled  by  hand 
into  the  position  6  or  c,  when 
the  extent  of  the  vibrations, 
from  the  point  of  rest,  was  five 
or  seven  inches  ;  the  wheel  was 
then  left:  at  liberty,  and  made 
so  many  vibrations,  before  the 
distance  from  the  point  of  rest 
was  diminished  an  inch,  or  un- 
til the  extent  of  vibrations  from 
the  centre  was  four  or  six 
inches ;  and  so  on  until  the 
wheels  became  at  rest,  in  the 
position  a. 

The  cast-iron  rails  were  three  feet  nine  inches  long,, 
and  weighed  fifly-six  pounds  ;  section  shewn  in  Fig.  3. 
Plate  II.      The  wrought-iron  rails  weighed   twenty-- 
eight  pounds  per  yard,  the  bearings  three  feet  apart  j 
section  same  as  experiment  on  the  strength  of  rails. 
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Table  XXVI. 


Extent 

of 

Vibrstions. 

Experiment  I. 

1                Experiment  II. 

Weight  of  wheek  and  UmuI, 
W.  lOcwt. 

Weight  of  wheels  and  load, 

W.  20  cwt. 

- 

Cast-iron 
rails. 

Wrought'iron 
rails. 

Cast-iron 
rails. 

Wrought-iitm 
rails. 

No.  of 
▼ib. 

No.  of 
▼ib. 

No.  of 
▼ib. 

No.  of 
vib. 

No.  of 
▼ib. 

No.  of 
▼ib. 

Na  of 
▼ib. 

No.  of 
▼ib. 

in.      in. 
5  to   4 

56 

62 

54 

64 

52 

1 

50 

1 

52 

52 

4    -    S 

74 

78 

68 

80 

64 

70 

64 

66 

3-2 

68 

82 

84 

100 

84 

82 

92 

86 

2    -    1 

87 

86 

98 

84 

99 

110 

142 

150 

Table  XXVII. 


Extent 

of 

Vibratioiis. 


Experiment  III. 


Weight  of  wheels  and  load, 
W.  SO  cwt. 


Cast-iron 
rails. 


in.       in. 
7  to  6 


6 


5-4 


4-3 


S    -    2 


2-1 


4 


^ 


54 


66 


82 


94 


Wrought-iron 
rails. 


i 


a 

i 


46 


56 


78 


90 


54 


TO 


90 


116 


54 


66 


94 


124 


50 


68 


90 


114 


Experiment  IV. 


Weight  of  wheels  and  load, 
W.  40  cwt. 


Cast-iron 
rails. 


4 


28 
32 
42 
44 
48 
52 


AT 


30 
34 
36 
48 
46 
52 


Wrought-iron  rails. 


i 


•f 


o 


24 

28 
38 
44 
56 
84 


i^ 


26 

31 

32 

28 

32 

32 

38 

35 

35 

46 

43 

45 

55 

50 

48 

82 

63 

66 
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These  experiments  will  shew,  in  the  first  place,  that 
the  resistance  was  the  same,  with  malleable  and  cast-iron 
rails,  until  the  incumbent  weight  reached  30  cwt.  With 
40  cwt.  the  number  of  vibrations  from  7  inches  to  3 
inches,  in  cast  iron,  was  146;  while,  upon  wrought 
iron,  it  was  134  and  138  respectively  ;  shewing  a  trifling 
increase  of  resistance  with  that  weight.  The  rails 
were  then  wedged  up  on  the  imder  side,  to  prevent 
them  from  bending,  when  the  number  of  vibrations  of 
cast  iron  was  148  ;  shewing  that  scarcely  any  resistance 
was  owing  to  the  want  of  stifftiess.  With  the  wrought 
iron,  the  wedging  had  an  increase  of  effect,  and  brought 
up  the  resistance  nearly  equal  to  that  of  cast  iron  ;  and 
thus  proving,  that,  when  no  bending  takes  place  in  the 
wrought  iron,  the  resistance  is  precisely  the  same  as 
with  cast  iron. 

We,  however,  find,  by  these  experiments,  that  when 
the  deflection  is  to  a  certain  extent,  an  increase  of  resis- 
tance takes  place,  and  that  tlie  rails  of  wrought  iron, 
upon  which  these  experiments  were  made,  were  only 
sufficient  for  caiTiages  of  four  wheels,  weighing  three 
tons.  When  the  wheels  were  loaded  with  30  cwt.,  no 
increased  effect  took  place  on  wedging  up  the  middle  of 
the  rail ;  but  when  loaded  with  40  cwt.,  the  number  of 
vibrations  was  increased  by  making  the  rail  perfectly 
rigid.  The  deflection  of  the  wrought-iron  rail,  as  ascer- 
tained by  experiment  with  30  cwt.,  was  -032  inch,  and 
with  40  cwt.  '043  inch ;  so  that  we  find  it  will  not  be 
advisable  to  use  rails,  the  deflection  of  which,  when 
loaded,  amounts  to  '032  inch,  especially  when  the  rails 
are  laid  down ;  as,  when  they  become  worn,  the  deflec- 
tion being  greater,  an  increase  of  resistance  will  take 
place.  With  carriages  mounted  upon  springs,  which 
yield  to  all  the  inequalities  and  want  of  parallelism  of 
the  road,  we  may  suppose  the  whole   weight  of  the 
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carriage  dhdded  equally  upon  the  four  wheels.  But 
with  carriages  without  springs,  as  before  stated,  the 
weight  of  the  carriage,  very  frequently,  rests  upon  two 
wheels  only ;  and,  in  practice,  thdrefofe,  we  must,  with 
these  kind  of  carriages,  suppose  the  whole  weight  acting 
upon  two  wheels. 

To  ensure,  therefore,  no  increase  of  resistance  in  the 
use  of  wrought-iron  rails,  it  would  appear,  from  these 
experiments,  that  their  rigidity  should  be  such  as,  by 
carriages  with  springs,  one  fourth,  and  by  carriages 
without  springs  one  half,  of  the  weight  will  not  cause  a 
deflection  in  Uie  middle  of  the  rail,  equal  to  -OSS  parts 
of  an  inch. 

In  the  experiments  previously  detailed,  the  weights 
were  applied  carefully  upon  the  rail,  and,  therefore,  the 
rail  was  not  subjected  to  the  shocks  and  blows  which 
occur  in  practice.  It  became,  therefore,  almost  necessary 
that  experiments  should  be  made  to  ascertain  the  diffe- 
rence between  the  strain,  to  which  railway  bars  were 
exposed  in  use,  with  the  consequent  deflection,  and 
that  which  experiments  carefully  made  presented.  Pro- 
fessor Barlow,  in  his  enquiries  on  the  subject  of  the 
best  form  of  rails  for  the  London  and  Birmingham 
railway  company,  made  some  experiments  on  the 
Liverpool  and  Manchester  railway,  to  ascertain  the 
amount  of  deflection  of  different  sections  of  rails,  while 
the  carriages  passed  over  them. 

The  locomotive  engines  are  the  heaviest  species  of 
carriage  upon  that  railroad,  and,  therefore,  one  of  these 
machines  was  taken  to  perform  the  experiment.  The 
deflection  was  measured  by  an  instrument  placed  under- 
neath the  middle  of  the  rail,  equi-distant  from  the  points 
of  bearing,  and  the  extent  of  the  deflection  was  ascer- 
tained by  a  multiplying  index. 
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The  Speedwell,  and  Swifbsure  engines  were  employed, 
the  weight  on  the  driving  wheels  of  the  latter  being 
5  tons  16  cwt. ;  and  the  velocity  was  varied  from  a  slow 
rate,  to  that  of  twenty  miles  an  hour. 

The  following  Tables  shew  the  result  of  these 
experiments : — 

Table  XXVIII. 


No.  I.  experiment,  Speedwell  engine.    Nos. 

II.  and  III.9  Swiftsure. 

Grand  Junction/ 

62  lbs.  rail 

1,  bearings  3  feet  0  inches. 

Velocity 
20  miles 
an  hour. 

Velocity 
SO  miles 
an  hour. 

Velocity 
very  slow. 

Mean  •0G08. 

Deflection,  joiut  length 

•0625 

0800 

0400 

Ditto,    middle  length  - 

•0425 

•0320 

•0240"^ 

Ditto       -       ditto 

•0400 

•0400 

•0250  ^ 

Mean  •0353. 

Ditto       -       ditto 

•0400 

•0420 

•0320^ 

Table  XXIX. 


■  .        ->  -    I  -I     ■    -  -   ^ '^ M *- ^ a^M  „^^ 

Swiftsure  engine,  same  railway  bars,  with  bearing  lengths  of 

5  feet,  at  different  velocities. 


T 


Deflection,  joint  Icngtli   - 
Ditto     -    ditto 
Ditto      middle  length 
Ditto      -      ditto 


9 
O 

g 

B 


•083 
•108 
•093 
•082 


u 
9 
O 

s 


w 
« 


•080 

•143 

•077 

070 


9 
O 

s 


04 


•123 

•130 

•080 

077 


I 

1 


080 
250 
112 
091 


I- 
9 
O 


§ 

5 

s 

r= 

B 

CO 


•105 

•120 

•122 

115 


085 
095 
083 
085 


} 
} 


Mean  •117. 


Mean  '90. 


■'W- 
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On  prosecuting  the  enquiry  further,  it  was  found  that 
the  blocks  yielded  likewise,  when  the  train  passed  over 
them  ;  and  therefore  to  ascertain  accurately  the  amount 
of  deflection  in  the  middle  of  the  rail,  it  was  necessary 
to  ascertain,  at  the  same  time,  the  depression  of  the  two 
supporting  blocks  on  which  the  rail  rested.  Experiments 
were  made  to  ascertain  this,  the  instrument  being  ap- 
plied to  the  blocks,  while  the  engine  and  train  of  car- 
riages passed  over  them ;-  the  results  of  these  experi- 
ments were  very  various,  depending  upon  the  nature  of 
the  base  on  which  the  block  rested ;  the  only  conclu- 
don  being,  that,  in  every  instance,  there  was  a  yielding, 
to  a  certain  extent,  when  the  engine  and  train  passed 
over. 

The  following  experiments  shew  the  depression  of 
the  blocks  of  different  kinds  of  rails,  .when  the  engine  and 
trains  passed  over  them  : — 

Table  XXX. 


Swiftsure  engine,  62  lbs.  rails,  i 

3  feet  9  inches  bearings. 

'           " 

Miles, 
V.  10. 

Miles, 
V.  16. 

Miles,      Miles, 

Hanging  block,  depression 

V.  aeO. 

T.   0\/. 

•060 

•090 

•080 

•085 

Firm  block,              ditto 

•010 

•020 

•022 

•032 

Ditto        -        ditto 

•000 

•012 

•017 

•032 

Supposed  not  quite  firm,  ditto 

•018 

•028 

•028 

•032 

Rejecting  the  hanging  block,  which  was  partly  suspended  by  the 
rail,  the  mean  of  the  other  experiments  gives  '021  for  the  depres- 
sion or  disturbance  of  the  block. 
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Table  XXXI. 


Swiftsure  engine,  same  rails. 

5  feet  bearings. 

Vdocity 
medium. 

Velocity 
xncdiwn. 

Middle  block,  depression 

016 

•008 

Joint       ditto    -    ditto 

- 

'036 

020 

Middle   ditto   -    ditto 

- 

'018 

•010 

Middle    ditto   -    ditto 

- 

•023 

•025 

Mean  of  all  these  depressions  ^019  of  an  inch. 


Table  XXX  II. 


Swifltsure  engine,  Mr.  Booth's  rail,  parallel  same  as  experiment. 
Table  XXIII.,  60  lbs.  per  yard,  3  feet  bearings. 


1st  block,  supposed  not  firm 

'018 

•028 

•018 

2d    ditto      -      ditto        -        -      - 

•036 

•040 

•036 

Sd    ditto  firm 

•022 

•013 

•014 

4th  ditto  ditto            -          -          - 

•024 

•020 

•027 

Mean  of  the  first  and  last  two,  which  appear  to  have  been  firm, 

gives  the  disturbance  •020. 

The  mean  of  the  three  experiments  with  the  Speed- 
well and  Swiftsure  engines,  on  rails  similar  to  those  of 
experiments  in  Table  IX,,  page  94,  with  three  feet 
nine  inches  bearings,  gives  a  deflection,  in  the  middle  of 
the  rail,  with  a  forty-five  inch  bearing,  equal  to  •0353 
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inch.  Experiments,  Table  IX.,  gave  a  mean  deflection,  at 
thirty-three  inches  clear  bearing,  of  •0050;  consequently, 
for  fifty-eight  hundred  weight,  '0145;  and,  reducing 
this  to  the  clear  bearing  of  45 — 3=42  inches,  we  have 
as  33"^ :  42'::-0145  :  -0310,  the  deflection  with  fifty-six 
hundred  weight  at  rest.  The  mean  of  several  experi- 
ments on  the  yielding  of  the  blocks,  with  the  same 
engine,  gave  about  "020,  while  the  engine  passed  over 
the  blocks.  A  part  of  this  depression  would  take  place 
while  tlie  engine  passed  over  the  middle  of  the  rail,  and, 
therefore,  the  deflection,  due  to  the  weight  of  the 
engine,  while  passing  over  the  middle  of  the  rail, 
should  be  reduced  below  '0353 ;  and,  hence,  we  find  that 
the  deflection  of  the  rail  is  not  greater,  when  the  engine 
and  train  pass  over  it,  than  when  the  rail  was  subjected 
to  the  same  weight  at  rest 

The  mean  of  the  experiments  with  the  same  rail, 
with  five-feet  bearings,  gives  the  deflection  '090.  Ex- 
periments, Table  IX.,  gave  a  mean  deflection  of 
•0050,  or,  for  three  tons,  '0150.  Deducting  three  inches 
from  sixty,  to  obtain  the  clear  bearing,  we  have 
33' :  57« : :  -0150  :  -079,  the  deflectometer  shewing  a 
deflection  of  '090.  Referring,  however  to  the  depres- 
sion of  the  blocks,  which  amounts  to  *019>  and 
taking  one  half  of  this,  as  resolvable  to  the  middle 
of  the  rail,  we  find,  that  there  is  not,  in  practice,  a 
greater  deflection  of  the  bars  than  shewn  by  experiment 
at  rest. 

During  the  prosecution  of  these  experiments,  and 
while  a  train  of  carriages  passed  rapidly  over  the  rails,  or 
blocks,  subjected  to  experiment,  it  was  observed,  that 
a  sudden  increase  of  strain  would  take  place,  by  the 
lurching  of  the  engine  or  carriages ;  and  tliis  was 
found  to  be  very  various  in  amount,  but,  in  some  cases. 
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more  than  double  that  produced  by  the  carriages  and 
engine  passing  smoothly  over. 

'  This  is  shewn,  very  conspicuously,  in  the  following 
experiment,  made  by  Professor  Barlow,  with  the  same 
deflectometer  as  used  in  the  previous  experiments, 
upon  tlie  Liverpool  and  Manchester  railway  : — 

Table  XXIII. 


Swiftsure  engine,  Dublin  and  Kingstown  rail,  ^5  lbs.  per  yard, 
same  as  experiment,  Table  XII.,  3  feet  bearings. 

( Joint  length 

- 

•120 

•120 

•105 

•167 

• 
•177 

•105 

Ditto 

- 

•120 

•081. 

•098 

"090 

•080 

•098 

Middle  length 

m 

•125 

•110 

'130 

130 

156 

•130 

Ditto 

- 

'110 

•103 

•112 

•112 

•120 

•108 

The  deflections  marked  with  an  asterisk,  shew  the  effect  of  the 
lurching  of  the  engine  and  carriages,  and  which  amount  to  nearly 
double  the  smaller,  er  more  natural,  deflections. 

It  appears,  therefore,  that  the  rule,  deduced  from 
the  experiments  with  the  wheels  vibrating  on  rails  at 
rest,  will  be  sufficiently  correct  for  practice,  when  the 
carriages  pass  smoothly  over  the  rails  and  blocks ;  but 
as  lurches  so  frequently  occur  in  practice,  w^hen  travel- 
ling at  great  rates  of  speed,  it  will  be  advisable  to 
consider  the  strain  as  equal  to  one  half  of  the  weight 
of  the  carriage  on  each  wheel ;  and  that  no  rail  should  be 
loaded  with  a  weight  capable  of  producing  a  deflection, 
in  the  middle,  of  '032  parts  of  an  inch  ;  such  weight 
being  computed  as  equal  to  one  half  the  whole  weight 
of  the  carriage  on  each  wheel. 
.  In  the  Appendix,  to  a  new  edition  of  his  Treatise 
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on  the  strength  of  timber,  iron,  &c.,  Professor  Barlow 
enters  into  a  theoretical  investigation,  and  gives  some 
experiments  on  the  increase  of  resistance  to  the  car- 
riages by  the  deflection  of  wrought-iron  bars ;  the 
following  being  the  result : — 

Table  XXXIV. 


Bearing 
distances. 

Deflections. 

1 

Equivalent 
planes. 

Increase  of  friction 
per  ton. 

feet,  inches. 

3       0 

024. 

1  in  3000 

•75  lbs. 

3      9 

•037 

1  in  2432 

•92   - 

4      0 

•041 

1  in  2341 

•95   - 

5      0 

'064 

1  in  1875 

1*20   - 

6       0 

•082 

1  in  1756 

rso  - 

Having  ascertained  the  limit,  which  wrought-iron 
bars  may  be  deflected,  without  producing  an  increase 
of  resistance,  and  the  ratio  of  increase,  by  a  given 
amount  of  deflection ;  it  *  becomes  a  question,  of  some 
importance,  what  weight  of  rail  should  be  used,  and 
the  distance  between  the  supports ;  this  will  depend 
greatly  upon  the  cost  of  obtaining  blocks,  or  supports 
for  the  chairs.  The  deflection  of  rails,  with  different 
lengths  of  bearings,  being  as  the  cube  of  the  distance 
between  the  bearings,  the  relative  amount  of  deflection 
can  be  readily  calculated.  Experiments  XV.,  XXI., 
and  XXII.  shew  the  deflection  at  different  lengths 
of  bearing;  having,  therefore,  the  relative  rigidity, 
and  the  cost  of  each  bearing,  the  strength  of  rail, 
and  the  distance  of  each  bearing,  can  readily  be 
calculated. 
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§  6.  Expansion  and  Contraction  of  WrougfU-iron 

Bars. 

In  the  use  of  cast  iron  for  railways,  the  bars  or 
rails  are  necessarily  short ;  and,  therefore,  the  effect 
of  the  variation  of  temperature  does  not  produce  any 
practical  evil,  each  length  of  rail  being  supported 
by  a  block.  But  in  the  use  of  malleable  iron  for 
railways,  the  rails  are  made  of  considerable  length, 
of  now  generally  fifteen  feet,  and,  consequently,  the 
amount  of  expansion  and  contraction  upon  that  length 
of  iron  is  considerable ;  and  the  rail  being  supported  by 
several  intermediate  bearings,  between  the  ends,  it 
becomes  a  subject  of  importance  to  ascertain  the  effect, 
in  practice,  of  the  expansion  and  contraction  of  the 
rails,  from  the  variation  of  temperature  in  summer  and 
winter. 

The  amount  of  expansion  and  contraction  of  wrought^ 
iron  bars,  by  a  variation  of  temperature,  has  been*  ascer- 
tained by  several  experimentalists.  Mr.  Smeaton  found 
the  expansion  equal  to  Trroinrth  part  of  its  length  for 
each  degree  of  temperature.  Professor  Daniel  more 
recently,  and  with  more  accurate  apparatus,  found  the 
expansion  rrznnrTrth  part.  Taking,  therefore,  the  varia- 
tion of  temperature,  between  summer  and  winter,  to  be 
equal  to  '^G^^^  a  bar  of  malleable  iron  will  expand  and 
contract,  between  the  two  extremes  of  temperature,  the 
2000th  part  of  its  length.  Taking  railway  bars,  at  fifteen 
feet  in  length,  the  amount  of  expansion  and  contraction 
will,  therefore,  be  equal  to  the  11th  part  of  an  inch,  for 
a  range  of  temperature  of  76°. 

Amongst  railway  engineers,  it  has  become  a  subject 
of  discussion,  whether  the  peculiar  application  of  bars 
of  iron  as  rails   upon  railways^  and  laid  down  upon 
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blocks  of  stone,  imbedded  below  the  sur&ce,  did,  or  did 
not,  follow  the  precise  law  of  expansion  and  contrac- 
tion of  common  bars  of  iron ;  and  this  was  brought 
more  prominently  forward  by  the  knowledge,  that,  when 
railway  bars  were  laid  upon  blocks  of  stone,  there  did 
not  appear  the  same  twisting  or  bending  of  the  rails,  in 
summer,  as  with  bars  laid  upon  timber. 

To  determine  this  question,  which  is  of  great  impor- 
tance in  railway  practice,  I  had  a  double  length  of  rails 
laid  down  upon  the  Killingworth  railway,  152  feet  in 
l^igtb,  and  composed  of  fifteen  railway  bars  of  nearly 
fifteen  feet  each  long.  The  joinings  of  each  bar  with 
the  next,  were  so  constructed,  that  they  could  not  se- 
parate, being  formed  with  half-lap  joints,  and  bolted 
together  by  a  bolt,  completely  filUng  the  hole  in  each 
half-lap.  By  this  plan,  all  the  bars  were  combined, 
and,  therefore,  the  expansion  and  contraction  were  the 
same  as  for  one  bar  152  feet  in  length.  The  rails  were 
supported,  at  each  three-feet  length,  upon  blocks  of  stone 
erf*  three  cubic  feet  each.  The  mode  of  measuring  the 
amount  of  expansion  and  contraction  was  as  follows : — 
On  each  side  of  the  rails,  at  each  end  of  the  length, 
the  subject  of  the  experiment,  wooden  piles  were  driven 
into  the  ground,  sufficiently  deep  to  be  quite  firm  and 
immoveable,  the  heads  of  which  were  level  with  the 
under  side  of  the  rails.  Pieces  of  iron  were  fastened  to 
the  head  of  these  piles,  on  each  side  of  the  rail,  upon 
which  a  line  was  cut,  transversely,  from  one  side  of  the 
rail  to  the  other.  A  similar  line  was  cut  upon  the  rail, 
corresponding  with  the  mark  on  the  iron  of  the  pile ; 
and  the  temperature  taken,  when  the  lines  on  the  rail 
corresponded  with  the  lines  upon  the  iron  of  the  pile. 
These,  as  before  stated,  were  done  at  both  ends  of  each 
length  of  rails  so  bolted  together.   When,  therefore,  the 
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rails  contracted,  the  lines  upon  the  rails  would  be  short 
of  those  upon  the  posts,  and  when  expanded,  they  would 
extend  beyond.  Observations  were  made,  therefore, 
at  certain  intervals,  during  the  whole  of  the  winter  of 
1836,  and  summer  of  1837,  and  the  extent  of  extension 
and  contraction  accurately  measured.  It  is  necessary 
to  observe,  that  the  joint  at  the  end  of  this  length  of 
road,  was  not  firmly  united  with  the  other  part  of  the 
railway,  but  sufficiently  loose  to  allow  the  rails  to  stretcli 
or  contract. 

This  experiment,  therefore,  gives  the  expansion  and 
contraction  of  a  length  of  railway  or  bar  of  iron  in  use 
equal  to  152  feet,  and  the  result  of  the  experiment 
made  during  the  whole  year  was,  that  the  range  of  tem- 
perature, when  the  observations  were  made,  was  50°, 
viz,  from  31°  to  81°,  and  the  extent  of  contraction  and 
expansion  equal  to  •685  of  an  inch ;  which  gives  the 
amount,  equal  to  about  the  15th  part  of  an  inch,  for  a 
fifteen-feet  rail,  between  summer  and  winter,  or  from 
the  freezing  point  to  81°. 

We  see,  therefore,  that  the  expansion  of  railway  bars 
in  use,  does  not  vary  from  that  shewn  by  common  bars 
of  iron,  subjected  to  experiment  by  a  variation  of  tem- 
perature, produced  by  artificial  means  j  and  that  the 
amount  of  expansion  or  contraction  of  a  railway  bar, 
fifteen  feet  in  length,  is  about  the  750th  part  of  an  inch 
for  each  degree  of  temperature. 

§  7- — Experiments  on  the  Strength  of  Cast-iron  Raik. 

We  shall  now  give  an  account  of  some  experiments 
on  the  strength  of  cast-iron  rails,  made  at  Walker 
Foundry,  near  Newcastle-upon-Tyne,  the  property  of 
Messrs.  Losh,  Wilson,  and  Bell. 
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57 

1 

99  3 

0 

58 

0 

120  0 

14 

83 

0 

98  2 

14 

33 

0 

100  3 

14 

33 

0 

107  2 

14 

The   rails   were    all    cast  from   the    same   pattern; 
the  d^erence  in  weight   being  accidental.     Sections 


128        ON   THE   STRENGTH,   ETC.    OF   IRON   RAILS. 

similar  to  Figs.  1  and  3,  Plate  //.,  two  inches  and  a 
quarter  broad  on  the  upper  side,  and  tapering  away  to 
one  inch  and  a  half  in  the  middle,  and  again  swelling 
out  at  the  bottom  into  the  square  c  6,  each  side  of 
which  is  seven  eighths  of  an  inch.  Extreme  depth,  in 
the  centre,  six  inches,  gradually  decreasing  towards 
the  ends,  or  pomts  of  support,  in  a  parabolic  form, 
to  four  inches.  In  the  experiments,  the  rails  were 
fastened  in  the  usual  manner  to  the  chairs,  which 
were  fixed  upon  beams  of  wood ;  distance  between 
the  points  of  support,  three  feet,  and  nine  and  a  half 
inches. 

In  comparing  the  strength  of  the  different  rails  with 
each  other,  we  find  a  great  variation,  not  only  between 
the  different  kinds  of  metal,  but  also  in  rails  cast  from 
the  same  metal.  The  only  constant  and  regular  law 
appears  to  be,  that  the  weight  or  specific  gravity  of  rails, 
formed  of  a  mixture  of  different  kinds  of  metal,  is 
uniformly  greater  than  of  one  description  of  metal 
separately,  and,  also,  that  such  a  mixture  makes  the 
rails  invariably  stronger.  This  is  a  very  useful  dis- 
covery, and  enables  the  founder,  by  mixing  different 
metals  in  the  proper  proportions,  to  form  a  rail  much 
stronger,  with  the  same  weight  of  metal,  than  otherwise 
could  be  done  by  casting  them  of  any  particular  kind  of 
metal  alone.  The  depth  of  the  middle  section  of  the 
cast-iron  rail  renders  them  very  rigid,  and  the  deflection 
is  comparatively  trifling  before  fracture.  The  recorded 
weights  are  those  which  produced  fracture ;  in  loading 
the  rails,  the  weight  should,  of  course,  be  much  less 
than  that  which  breaks  the  rail.  Inequalities  of  tlie  road, 
or  occasional  obstacles  occurring  upon  the  surfaces  of 
the  rails,  will  sometimes  produce  jerks,  or  shocks  to  the 
wheels  of  the  carriages,  and  the  reaction  will  transfer 

those  to  the  rails,  and  cause  blows,  which,  froitt  the 
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brittletiess  of  the  material,  will  be  very  liable  to  produce 
finacture. 

In  the  form  of  carriages  with  four  wheels,  when- 
springs  are  not  used,  the  weight  upon  any  one  of  those 
wheels  is  far  from  being  regular.  The  frame  of  the 
carriage  is  rectangular,  and  the  centres  of  the  axles 
are^  as  nearly  as  possible,  in  the  same  plane ;  now,  when 
the  bearing  surfaces  of  the  rails  do  not  lie  in  a  plane,^ 
exactly  parallel  to  the  plane  of  the  axles^  (and  this,  in 
practice,  is  seldom  the  case,)  the  weight  of  the  carriage 
vill  rest  upon  three  of  the  wheels  only.  If  there  be  a 
want  of  correspondence  in  the  undulations,  or  in  the 
jddding  of  the  rails,  the  weight  may  change  its  points 
of  support,  and  will,  during  the  instant  of  transmission, 
be  sustained  by  two  of  the  wheels  alone,  and  those  will 
be  diagonally  on  opposite  sides  of  the  carriage ;  the 
transition  of  the  weight,  from  one  wheel  to  another,  will, 
therefore,  produce  a  continual  succession  of  blows  or 
shocks  to  the  rails,  which  will  be  productive  of  con- 
siderable injury,  and  occasion  breakage. 

From  these  causes,  and  others,  which  it  is  not  neces- 
sary to  mention,  we  find,  that,  in  practice,  it  is  not 
advisable  to  subject  the  rails  to  a  greater  load  than  is 
considerably  within  the  limit  of  their  absolute  strength. 
In  the  preceding  experiments,  the  least  weight  borne 
by  the  rails,  formed  of  a  mixture  of  metals,  is  seven 
tons,  and  by  the  unmixed  rails  five  tons ;  and  the  rails 
were  of  the  size  and  weight  of  a  railroad,  on  which  the 
carriages  that  passed  upon  it  were  intended  to  be  four 
tons,  supported  upon  four  wheels. 

In  extreme  cases,  when  the  inequalities  of  the  road 
throw  the  weight  from  one  wheel  to  another,  the 
greatest  strain  upon  any  one  rail  cannot  amount  to 
more  than  two  tons ;  therefore,  the  proportion,  which 
the  load  that  can  be  carried  with  perfect  safety,  bears 
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to  the  absolute  strength  of  the  rails,  is,  in  the  one  case, 

3,5  :  1,  and  in  the  other,  2,5  :  1.    But,  as  it  may  be 

supposed,  that  a  mixture  of  metals  will  be  mostly  used ; 

we  may,  in  practice,  say,  that  the  strain  to  which  the 

rails  of  any  railroad  should  be  subjected  by  the  load, 

ought  not  to  amount  to  more  than  about  one  third  of 

their  absolute  strength,  or  of  that  weight  which  would 

produce  fracture. 

We  may  thus  find  the  strength  of  any  section  of  rail 

suitable  for  a  given  weight  of  carriage* 

Let  w=the  utmost  strain  to  which  the  rail  is  subjected, 

in  lbs. ; 

/  =the  distance  between  the  supports,  in  feet  y 

b  =the  extreme  breadth  of  section,  in  inches; 

d  =:the  extreme  depth  of  section,  in  inches ; 

^  in  the  difference  between  the  breadth  in  the 

middle  and  the  extreme  breadth ;  and 

p  d^ihe  depth  of  the  narrow  part  or  rib  in  the 

middle. 

3  wl 
Then -g^r:6cP(l— yp*).     See  Tredgold^  on  Cast 

Iran.  

/  3  w  /  ,  .,        ,        850  5  (P 

Consequently rf=  J  g^^^  (l-S'l^)i  and  wn      ^^ 

§  8. — Comparative  DurahUUtfj  of  Cast  and  Wrought 

Iron  Railway  Bars. 

In  the  formula  for  calculating  the  strength  and  rigidity 
of  wrought-iron  bars,  we  have  given  those  necessary  for 
cast-iron  rails ;  and  we  now  come  to  the  question  of 
comparative  durability,  between  cast  and  malleable  iron 
rails.  The  introduction  of  the  latter  being  compara- 
tively recent,  the  opportunity  of  subjecting  tixeuj  to  the 
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test  of  experiment  has  not  existed  sufficiently  long,  to 
produce  any  very  conclusive  decision  from  that  source  y 
the  opportunities  of  doing  so  are,  also,  not  numerous ; 
and  many  people  are  more  disposed  to  concur  in,  and 
yield  to,  die  general  or  current  opinion,  than  either 
wait  the  result,  or  submit  to  the  tedious  operation  of 
experiment.  In  this  case,  also,  no  experiment  can  be 
decisive,  unless  acted  upon  for  a  number  of  years  ;  we 
are,  therefore,  almost  obliged  to  act  upon  speculative 
(pinion,  until  sufficient  time  has  elapsed  to  produce 
conclusive  evidence,  in  favour  of  one  mode  or  other. 

Independent  of  economical  considerations,  with  re- 
spect to  the  durability  of  wrought-iron  rails,  their  safety, 
compared  with  cast-iron,  upon  public  lines  of  road,  has 
already  produced  a  general  concurrence  in  their  favour ; 
and,  therefore,  perhaps,  the  question  of  durability  be- 
comes of  less  importance.  Still,  as  in  some  cases,  where 
rapidity  of  transit  is  not  necessary,  relative  economy 
may  become  an  object,  we  shall,  therefore, — such  as  our 
experience  enables  us,  speak  of  the  comparative  dura- 
bility of  cast  and  wrought  iron. 

Experiments  are  going  on  at  present,  where  both 
kinds  of  rails,  accurately  weighed,  are  laid  down,  and 
subjected  to  the  passage  of  the  same  quantity  of  traffic 
over  them  ;  the  result  of  these,  so  fer  as  they  have  gone, 
is  in  favour  of  wrought  iron.  In  the  operation  of 
making  the  cast-iron  rails,  the  surface  is  partially  case- 
hardened  in  the  casting ;  this  may  be  seen  in  all  cast- 
iron  rails,  extending  to  a  certain  depth  from  the  surface. 
Any  experiment,  shewing  the  comparative  wear,  musty 
therefore,  be  continued  until  after  the  outer  hardened 
sur&ce  be  worn  through  ;  and,  it  is  presumed,  that 
sufficient  time  has  not  yet  elapsed  to  furnish  this.  We 
have,  therefore,  been  obliged  to  reject  the  data  founded 
on  this  mode  of  experimenting,  and  shall  give  the  result 

K  2 
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of  a  different  sort  of  test,  more  severe,  and  which,  it  is 
trusted,  will  be  deemed  sufficiently  approximate,  to  jus^ 
tify  its  presentation  to  the  reader. 

Upon  the  KilHngworth  railway,  we  had  originally 
cast-iron  wheels  upon  the  locomotive  engines ;  about 
four  years  ago  we  adopted  wrought-iron  tires.  Now,  as 
we  have,  in  this  way,  the  relative  wear  of  cast  and 
wrought  iron  upon  the  wheels,  which  run  upon  the  rails  ^ 
and  as  the  nature  of  the  action  will  operate  nearly  alike,, 
whether  upon  the  surface  of  the  rails  or  of  the  wheels, 
we  shall,  by  that  means,  have  a  pretty  near  approxima-» 
tion  to  the  relative  wear  upon  the  rails.  In  this  way, 
we  have  a  considerably  more  severe  test ;  as,  if  we  take 
the  quantity  of  traffic  equal  to  2000  tons  passing  along 
the  railway  daily,  and  suppose  the  carriages  to  convey 
three  tons  each,  with  three-feet  wheels,  the  relative  wear 
of  the  wheels  and  rails  is  as  53  :  1,  nearly. 

The  average  wear  of  the  cast-iron  wheels  was  above 
half  an  inch  in  nine  months ;  and,  with  the  wrought- 
iron  tire,  the  wear  of  one  pair  of  wheels  has  been  a  quarter 
of  an  inch  in  three  years,  and  with  three  other  engines 
one  eighth  of  an  inch  in  twelve  months;  making  the  wear, 
at  least,  as  five  to  one  in  favour  of  wrought-iron*  The 
actual  wear  of  the  rails  will  not  be  to  the  same  extent 
as  this,  as  the  engine  wheels  sometimes  slip  round,  or 
slide  upon  the  rails,  in  bad  weather.  The  wear  of  the 
wheels  of  the  common  carriages  will  not  be  so  much, 
for  the  same  reasons ;  but  although  it  should  be  ob- 
served, that,  from  this,  we  ought  not  to  deduce  the  actual 
duration  of  wrought-iron  rails,  as,  their  sur&ces  being 
narrower  than  the  wheels,  the  wear  will  be,  perhaps, 
more  than  proportion  ably  greater,  yet  the  relative  wear 
should,  however,  remain  the  same.  We  now  give  the 
following  experiment  made  on  the  Stockton  and  Dar- 
lington railway : — 
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Cast-iron  rails,  four  feet  long,  over  which  waggons  only 
pass,  weighing  four  tons  each,  when  loaded :  86,000  tons 
passed  over  in  a  year,  exclusive  of  waggons  :  weight  of 
rail,  6S  lbs. :  loss  of  weight  in  twelve  months,  8  oz. 
The  loss  of  weight  in  malleable-iron  rails  was,  in  the 
same  period,  8  ounces  for  15  feet  length:  the  same 
quantity  pf  goods,  86,000  tons.  This  will  give  the 
difference  of  wear  15  :  4  in  favour  of  wrought-iron  rails. 

These  experiments  shew,  that  if  rails  of  the  proper 
degree  of  strength  be  used,  the  durability  is  decidedly 
in  favour  of  wrought-iron  rails ;  and  we  have  before 
observed,  that  in  rails  properly  manufactured,  none  of 
the  exfoliation  or  oxidation,  originally  dreaded,  exists. 

§  9. —  Comparative  Resistance  to  the  Carriages^  of  Cast 
and  Wrought  Iron  Railway  Bars. 

The  next  enquiry,  is,  whether  the  resistance  is  greater 
upon  wrought  than  upon  cast  iron  rails.  As  in  the 
case  of  the  cast-iron,  when  first  introduced,  the  wrought- 
iron  rails  were  made  far  too  slight ;  and  observation 
shewed,  that,  to  a  certain  extent,  the  resistance  appeared 
greater  than  upon  cast-iron ;  and  this,  as  has  been 
shewn,  was  owing  to  the  bending. 

Referring  to  the  experiments,  on  the  comparative 
resistance  of  cast  and  malleable  iron  rails,  these  ex- 
periments, it  will  be  seen,  were  made  with  the  sur- 
&ces  of  the  rails  quite  dry,  and  free  from  dust ;  to  as- 
certain the  increase  of  resistance  by  the  occurrence  of 
any  extraneous  matter  on  the  rails,  the  surfaces  were 
watered  pretty  freely.  The  number  of  vibrations,  be- 
fore attaining  a  state  of  rest,  when  dry,  was  540  and  570 
respectively,  and,  when  watered,  375.  Upon  wrought- 
iron  rails,  when  dry,  with  a  less  extent  of  vibration,  the 
number  of  oscillations  was  404  and  412,  while,  when 
chalked,  the  number  was  230.     With  cast-iron,  when 
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oiled,  under  the  same  circumstances,  the  number  was 
S90 ;  and,  when  still  more  copiously  oiled,  the  number 
was  reduced  to  244. 

The  result  of  all  these  experiments  is,  therefore,  that 
no  increase  of  resistance,  above  that  on  cast-iron,  takes 
place  upon  wrought-iron  rails ;  and  that  the  resistance 
is  a  minimum,  when  the  rails  are  quite  dry,  and  free 
irom  any  extraneous  matter. 
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CHAPTER  IV. 

ON  THE  FORMATION  AND  CONSTRUCTION  OF 

RAILWAYS. 

§  1. — Formation  of  the  Line  of  Railway • 

In  the  early  stage  of  the  construction  of  railways,  little 
or  no  care  seems  to  have  been  taken,  to  level  the  surface 
of  the  ground,  so  as  to  form  the  best  line  of  road  between 
the  two  extremities.  Horses  being  tlien  exclusively 
used,  casual  undulations  were  levelled  down,  but  the 
general  line  of  railway  does  not  appear  to  have  been 
laid  out,  with  a  view  of  obtaining  the  best  gradients  for 
the  road  which  the  country  afforded.  The  only  principle 
acted  upon  seems  to  have  been,  that  the  line  should  be 
so  formed,  as  that  a  horse  should  take  down  a  certain 
determinate  load.  If,  therefore,  any  particularly  steep 
place  existed,  where  that  load  could  not  be  overcome, 
it  was  levelled  down  to  such  an  extent,  as  to  enable  the 
horse  to  take  the  load  fixed  upon ;  and  that  was  laid 
down  as  the  guide,  by  which  the  other  parts  of  the  line 
were  laid  out ;  it  being  deemed  sufficient,  if  a  horse 
could  take,  upon  the  other  parts  of  the  line^  the  same 
load  which  it  could  do  upon  the  steeper  or  more 
inclined  portions.  When  mechanical  power  was  ap- 
plied, a  different  system  was  required ; — it  then  became 
necessary  to  lay  out  the  line  of  railway,  suitable  for  the 
different  kinds  of  motive  power,  intended  to  be  used 
upon  it,  consistently  with  the  facilities  which  the  nature 
of  the  country  afforded. 

^^  it 
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It  is  not  our  intention,  however,  in  this  chapter,  to 
enter  upon  the  consideration  of  the  principles  of  laying 
out  a  line  of  railway,  between  any  two  places,  with  refe- 
rence to  the  motive  power  intended  to  be  used  upon 
it.  We  shall  reserve  that  consideration,  until  we  have 
ascertained  the  capabilities  of  each  description  of  motive 
power ;  by  which  we  may  be  enabled,  to  elicit  some 
general  principles  for  our  guidance,  in  determining  that 
very  important  question.  We  shall,  therefore,  in  this 
place,  pass  over  the  consideration  of  the  proper  levels^ 
or  gradients,  to  be  observed  in  forming  a  line  of  railway 
between  two  points  or  places,  and  confine  ourselves  to 
a  detail  of  the  mode  of  forming  the  railway,  supposing 
the  line  and  gradients  previously  determined  upon; 
which  detail  will  comprise  the  execution  of  the  earth- 
work, laying  down  the  rails,  and  accomplishing  the 
various  other  descriptions  of  work,  requisite  to  form  a 
Complete  railway. 

§  2. — Earthwork.     Excavating  and  Embanking. 

Let  A,  B,  c,  Fig.  1,  Plate  V.,  represent  a  section  or 
the  outline  of  the  country,  over  which  the  railway  is  to 
pass,  and  a,  i,  c,  d,  e,  the  level,  at  which  the  railway  is 
to  be  formed.  All  those  parts  of  the  section  which  are 
above  the  line  a,  6,  c,  d,  e,  to  the  extent  of  the  width 
required  for  the  railway,  will,  therefore,  require  to  be 
cut  through,  excavated,  or  levelled  down ;  and  those 
portions  which  are  below  that  line,  will  require  to  be 
embanked  or  levelled  up.  The  portions  a  and  c,  wiU, 
therefore,  have  to  be  cut  down,  and  the  portions,  raised  up 
or  embanked.  The  portions  of  railway,  a  6,  and  erf,  of 
the  section,  are,  consequently,  called  excavations^  or 
cuttings;  and  the  portions  be,  d  e,  embankments^  or 
embanking.     Where,  therefore,  a  trifling  variation  in 
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the  general  inclination  of  the  line,  or  of  the  gradients, 
is  not  of  great  importance,  it  is  very  advisable,  that  the 
line  should  be  so  laid  out,  that  liie  quantity  of  earth 
obtained  from  the  excavations  or  cuttings  should  be 
equal  to,  but  not  exceed,  the  quantity  required  for 
filling  up,  or  forming  the  embankments ;  or,  that  the 
quantity  of  earth,  or  material,  required  for  the  making 
embankments,  should  not  be  greater  than  what  is  to  be 
obtained  from  the  excavations  or  cuttings^    If  this  is 
not  the  case,  it  then  becomes  necessary,  if  the  embank- 
ment does  not  require  the  whole  of  the  earth  obtained 
from  the  cuttings,  to  lay  the  surplus  earth  upon  the 
land  or  ground  adjoining  the  line  of  railway,  where  it  is 
not  required,  which  is  called  laying  it  to  spoil ;  or,  where 
there  is  an  excess  of  embanking,  or  deficiency  of  exca- 
vation, to  make  a  cutting  out  of  other  land,  (called 
**  side-cutting,'*)  for  the  express  purpose  of  filling  up 
the  embankment ;  in  both  of  which  cases  the  expense 
of  the  formation  of  the  road,  is  increased  to  the  extent 
of  what  is  required  for  the  accomplishment  of  these 
superfluous  operations.     There  is,  however,  an  excep- 
tion  to   this,  in   cuttings   or   embankments  of  great 
lengths.    Cases  may  occur,  where  the  distance  between 
the  cutting  and  embankment  is  such,  that  the  expense 
of  conveying  the  earth,  from  one  part  of  the  line  to  an- 
other, is  greater  than  the  increased  expense  of  making 
an  express  excavation,  alongside  the  line  of  railway,  or 
near  the  embankment,  for  tlie  purpose  of  forming  the  em- 
bankment ;  and  of  depositing  the  earth  from  the  cutting, 
which  ought  to  have  formed  the  embankment,  upon 
waste  ground  alongside  such  cutting,  or  of  depositing 
it  to  spoil.     These  are,  however,  cases  to  be  judged  of 
by  the  engineer  of  the  work,  and  are  entirely  questions 
of  comparative  expense,  between  the  one  mode  and  the 
other. 
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§  S.'— Width  of  the  Railway  at  the  Formation  Level. 

Fig.  S.  is  a  cross  section  of  an  excavaiimi  or  cutting, 
and  F^g.  3.  a  cross  section  of  an  embankment ;  a  b,  being 
the  original  surface  of  the  ground,  and  g  h  theformaiion 
levelf  or  extreme  depth  of  the  excavation ;  the  Jbrmor 
Hon  level,  being  the  foundation  whereon  the  superstruc* 
ture  of  the  railway  is  to  be  raised.  The  first  question, 
therefore,  to  determine  is,  the  width  at  the  formation 
level,  as  by  this  the  whole  of  the  operations  are  guided ; 
and  this  depends  upon  two  considerations,  first,  the 
width  between  the  rails ;  and,  next,  the  width  between 
the  two  lines,  if  the  railway  is  intended  to  be  a  double 
line* 

§  4. — Width  between  the  Rails. 

The  first  public  railway,  of  any  extent,  which  was 
executed,  was  the  Stockton  and  Darlington  railway, 
the  engineer  being  Mr.  George  Stephenson.  The  width, 
between  the  rails,  of  that  railway,  was  made  four  feet 
eight  inches  and  a  half,  taking  the  Killingworth  colliery 
railway  as  a  standard.  The  Liverpool  and  Manchester 
railway,  also  constructed  by  Mr.  Stephenson,  was  formed 
of  the  same  width ;  and  it  was  then  made  a  standing 
order  of  the  legislature,  that,  in  all  public  lines  of  rail- 
way, the  width,  between  the  rails,  should  be  four  feet 
eight  inches  and  a  half ;  and  in  some  railway  bills,  the 
breadth  of  the  rails,  or  outside  width,  was,  also,  stipu- 
lated ;  that  of  the  Newcastle  and  Carlisle  railway,  in 
1829,  being  required,  by  the  act,  to  be  iSve  feet  and 
one  inch,  between  the  outside  edges  of  the  rails.  The 
London  and  Birmingham ;  Grand  Junction,  and  other 
railways,  connected  with  these ;  are  all  constructed  of 
the  width  of  four  feet  eight  inches  and  a  half.  In 
1836,  this  standing  order  was  suspended,  and  there  h 
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now  no  standard  of  width  whatever,  in  any  of  the 
railway  bills,  which  pass  the  legislature;  and  it  is, 
therefore,  left  to  the  discretion  of  the  railway  compa- 
nies, or  their  engineer,  of  what  width  the  railway  shall 
be  constructed.  The  Great  Western  railway  has  been 
made  seven  feet  wide,  between  the  rails,  by  the  engi- 
neer, Mr.  Brunei,  jun. ;  and  the  railways  recently 
constructed,  and  now  in  operation,  in  Scotland,  are  five 
feet  six  inches  wide ;  some  of  the  old  railways  being 
four  feet  six  inches.  It  is  impossible  to  conceive  the 
confusion,  which  may  be  the  result  of  this  departure, 
of  the  legislature,  from  a  standard  width  for  all  railways ; 
especially  if  railway  companies,  and  engineers,  follow 
the  dictates  of  their  own  opinion,  without  reference  to 
the  general  convenience  of  the  public.  The  delay, 
expense,  and  inconvenience,  of  changing  from  a  line  of 
railway,  of  one  width,  to  another  of  a  different  width, 
where  despatch,  and  rapidity  of  travelling,  is  the  great 
characteristic  of  the  system,  must  be  inconceivable. 
It  is  due  to  the  public,  that  a  full  and  comprehensive 
enquiry  should  be  instituted,  by  the  legislature,  to 
determine  the  proper  width,  now  to  be  adopted ;  not 
only  with  reference  to  all  railways  to  be  made  in  future, 
but,  likewise,  with  reference  to  those  already  made ; 
and  when  a  conclusion  is  come  to,  and  the  best  width, 
under  all  the  circumstances,  determined  upon,  it  should 
be  made  a  standard,  in  all  railway  bills,  and  should  not 
be  allowed  to  be  departed  from,  under  any  pretence 
whatever. 

Without  presuming  to  determine  upon  so  important 
a  question,  on  which  there  is  a  great  difference  of 
opinion,  amongst  engineers ;  we  shall,  for  the  present, 
assume  the  width  between  the  rails  to  be  four  feet 
eight  inches  find  a  half.  The  breadth,  of  the  bearing 
part  of  the  rails  cannot  vary  much ;  about  two  inches 
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and  a  half,  seem  to  be  the  width  agreed  upon  by 
almost,  if  not  all,  the  engineers  of  the  different  lines 
jof  railway  in  England.  The  width  between  the  out- 
side of  the  rails  will,  therefore,  be  five  feet  one  inch 
and  a  half;  or  five  feet  one  inch,  if  the  breadth  of  the 
jail  itself^  be  two  inches  and  a  quarter. 

§  5. —  Width  between  tlie  Two  Lines. 

The  next  consideration  is,  the  width  between  the 
two  lines  of  railway.  Upon  the  Liverpool  and  Man- 
chester, the  width  was  made  the  same  as  that  between 
the  rails,  viz.,  four  feet  eight  inches  and  a  half.  On 
the  Newcastle  and  Carhsle  railway,  it  is  made  the 
same.  On  the  London  and  Birmingham  railway,  and 
the  Grand  Junction  railway,  the  width  is  six  feet ;  the 
latter  width  seems,  certainly,  preferable,  upon  great 
lines  of  railway ;  but  experience  has  shewn,  that  no 
great  inconvenience  is  felt  upon  lines  of  the  ^lesser 
width.  In  the  drawings  of  Plate  V.  the  width  is 
six  feet. 


§  6. — Width  on  the  Outside  of  the  Rails. 

The  next  question  to  determine  is,  the  width  re^ 
quired  on  the  outside  of  the  rails,  or  between  the  rails 
and  the  edge  of  the.  embankment,  or  side  <^  the  exca- 
vations. This  is,  to  a  great  extent,  determined,  by  what 
is  necessary  to  keep  the  blocks  firm,  to  preserve  the 
stability  irf*  the  rails,  and  to  effect  the  passage  of  the 
engines  and  carriages  along  the  railway  with  every 
possible,  security.  On  private  railways,  and  upon  some 
.of  the^  public  railways,  where  economy  of  construction 
-has  beep  a  primary  object,  a  width  of  three  feet  and  a 
half,  from  the  rails  to  the  outer  edge  of  the  embank- 
I  mentSr  or  footpath,  of  the  excavation^  or  from  n  to  Aj 
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or  o'  to  /,  in  Figs.  9,  and  4,  has  been  found  sufficient  to 
secure  adequate  firmness  and  stability  to  the  blocks 
and  rails  y  four  feet,  in  any  case,  we  should  deem  quite 
sufficient,  to  effectually  accomplish  these  objects,  viz., 
the  stability  of  the  blocks  and  rails. 

But  tliere  is  another  very  important  object  to 
effect, —  the  width  necessary  to  secure  the  safety  of 
the  engines,  and  carriages,  passing  along  the  railway ; 
and  which  is  more  difficult  to  determine,  without  going 
into  the  subject,  in  a  speculative  point  of  view.  If  we 
were  to  appeal  to  the  experience  upon  the  Liverpool 
and  Manchester  railway,  and  upon  the  Newcastle  and 
Carlisle  railway,  where  the  radius  of  the  curves,  upon 
the  latter,  is  less  than  will,  in  all  probability,  be  made 
upon  any  of  the  railways  now  in  formation  ;  (that  rail- 
way having  been  laid  out  before  locomotive  engines 
arrived  at.  the  perfection  they  have  now  attained,  and 
with  a  view  of  using  horses  upon  it,)  we  should  say, 
that  four  feet  is  quite  sufficient,  to  secure  the  safety  of 
the  passengers  and  goods. 

On  approaching  a  narrow  embankment,  at  a  rapid 
rate,  the  general  impression  is,  that  the  engine  will  run 
over  the  side  of  the  embankment,  and  drag  the  train  of 
carriages  over  it.  Nothing  can  be  more  fallacious,  for, 
if  the  engine  was,  by  any  accident,  to  run  off  the  rails, 
it  would  not  drag  the  carriages  after  it.  If  it  goes  over 
at  all,  the  carriages  will  push  the  engine,  but  the  engine 
will  not  drag  the  carriages  over,  for  this  very  simple 
reason ;  if  the  engine  does  run,  or  is  thrown  off  the 
rails,  a  diminution  of  its  speed  immediately  takes  place  ; 
and,  there  being  no  such  check  to  the  carriages,  their 
inertia  carries  them  forward  against  the  engine,  pushing 
it  on  until  the  whole  train  is  stopped.  In  approaching 
the  question,  we  must,  therefore,  consider  it  with 
reference  to  that  mode  of  action ;  and,  likewise,  with 
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reference  to  the  immense  tangential  force,  inherent  in 
an  engine  and  train  of  carriages,  moving  at  so  rapid 
a  rate. 

Supposing  an  engine  thrown  off  the  rails,  the  wheels 
have  then  to  run  upon  the  loose  coating  of  the  road, 
the  resistance  of  which,  to  the  wheels,  is  very  great, 
and  which  we  may  safely  state  as  being  equal  to  one 
fifteenth  of  the  weight.  The  distance  the  train  will  run, 
before  stopping,  after  being  thrown  off  the  rails,  will, 
therefore,  depend  upon  the  resistance,  and  the  velocity 
with  which  it  was  moving,  when  thrown  off  the  rails. 

The  formula,  s  tt^  will  shew  the  space,  s,  in  feet,  the 

train  will  pass  over  before  stopping,  v  being  the  velocity 
in  feet,  per  second,  which  the  train  was  moving  at,  and 
p  the  resistance  to  the  wheels,  which  we  have  called 
one  fifteenth  of  the  weight.  An  engine  and  train, 
therefore,  travelling  at  the  rate  of  twenty  miles  an  hour, 
and  being  thrown  off  the  rails,  will  run  about  210  feet, 
or  seventy  yards,  before  stopping;  but  if  the  same 
train  is  running  at  the  rate  of  twelve  miles  an  hoiu*,  it 
will  become  at  rest  in  about  seventy-six  feet,  or  twenty- 
five  yards. 

Upon  a  straight  line,  the  tangential  force  will  cause 
the  train  to  keep  along  the  line  of  the  road,  and  there 
will  not  be  any  great  danger  of  its  being  diverged  four 
feet  in  210  feet,  supposing  four  feet  to  be  the  width, 
on  the  outside,  between  the  rail  and  the  edge  of  the 
embankment.  But  in  a  curve  it  is  different,  the  direc- 
tion of  the  tangent  then  tending  to  cause  the  train  to 
run  iQwards  the  side  of  the  embankment.  It  will,  in 
this  case,  therefore,  depend  upon  the  radius  of  the 
curves  what  distance  the  tiain  would  run  before  reach- 
ing the  side  of  the  embankment ;  and  whether  it  would 
reach  the  side  within  the  distance  of  210  feet,  or 
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seventy  yards,  in  the  one  case,  or  seventy-six  feet  in 
the  other. 

The  versed  sine  a  f,  of  a  curve,  the  radius  of  which 
is  represented  by  c  e,  and  the  sine  by  e  f,  is  a  f=c  e 
—  \/c  E^— E  F*.  On  curves,  the  radius  of  which  is 
1200,  1800,  and  2400  feet,  the  versed  sine,  or  distance 
of  the  tangent  from  the  curve,  in  210  feet,  will  be 
eighteen,  twelve,  and  nine  feet  respectively;  which 
would  be  the  position  of  the  train,  if,  when  moving 
at  the  rate  of  twenty  miles  an  hour,  it  was  projected 
from  the  curve  in  a  straight  line.  But  if  the  train  was 
moving  at  the  rate  of  twelve  miles  an  hour,  seventy- 
six  feet  being  ^the  length  it  will  run  before  stopping, 
or  of  the  tangent,  the  distance  from  the  rail  on  the 
curve  of  the  shortest  radius,  or  1 200  feet,  will  only  be 
about  two  feet  and  a  half. 

We  see,  therefore,  that  three  and  a  half,  or  four  feet 
breadth  on  the  outside  of  the  rails,  which  appears  to 
be  sufficient  to  keep  the  blocks  firm,  is  likewise  suffi- 
cient to  prevent  all  risk  of  the  trains  running  over 
the  side  of  the  embankment,  when  the  velocity  is  kept 
below  twelve  miles  an  hour,  and  the  curves  of  not  lesd 
a  radius  than  1200  feet ;  but,  that,  when  the  velocity 
is  increased  to  twenty  miles  an  hour,  if  no  other 
obstacle  occurs  to  prevait  the  train  from  running  over 
the  embankment,  than  the  mere  resistance  of  the 
wheels,  upon  the  coating  of  the  road,  four  feet  on  the 
outside  of  the  rails  are  not  sufficient.  There  are,  how- 
ever, other  safeguards,  which  operate  to  change  the 
direction  of  the  trains,  from  the  tangential  course  they 
would  otherwise  pursue,  and  divert  them  to  that  of 
the  line  of  the  road,  or  of  the  rails.  A  small  depth 
only  of  road  material  being  spread  above  the  top  of 
the  blocks,  when  a  train  is  thrown  off  the  road,  and 
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the  wheels  have  to  run  upon  this  material,  they  sink 
into  it,  and  meet  with  the  blocks,  which  act  very 
powerfully  in  stopping  the  trains,  or  of  keeping  them 
in  the  direction  of  the  road.  Should,  however,  the 
wheels  overtop  the  blocks,  they  then  meet  with  the 
rails,  which  presents  an  obstacle,  standing  at  least 
five  or  six  inches  above  the  surface  of  the  road ;  which 
the  momentum  of  the  train  cannot  raise  the  wheels 
over,  and  which  effectually  prevents  it  from  running 
any  further  out  of  the  line  of  direction  of  the  road. 
If,  therefore,  the  width  on  the  outside  of  the  rails  be 
such,  as  that,  when  the  wheels  on  one  side  of  the 
parriages  are  within  the  line  of  the  rails,  the  opposite 
wheels  do  not  reach  beyond  that  width,  or  to  the 
edge  of  the  embankment,  the  train  cannot  by  possibility 
run  over  the  embankment.  We,  consequently,  come 
to  this  conclusion,  that,  where  the  speed  is  not  greater 
than  twelve  miles  an  hour,  and  the  radius  of  the  curves 
not  less  than  400  yards,  a  width  of  three  and  a  half 
or  four  feet  on  the  outside  of  the  rails,  or  from  n  to 
k,  or  &  to  /,  is  sufficient ;  but  that,  when  the  speed 
is  increased  to  twenty  miles  an  hour,  or  upwards,  the 
width  should,  at  least,  be  equal  to  the  distance  between 
the  rails  of  the  railway. 

Upon  the  London  and  Birmingham ;  and  the  Grand 
Junction,  the  width  on  the  outside  of  the  rails  is  five 
feet,  the  distance  between  the  rails  being  four  feet 
eight  inches  and  a  half.  On  some  of  the  railways,  a 
mound  of  earth,  shewn  by  the  dotted  lines  at  t  Ar,  /m, 
Fig.  3,  is  raised  about  two  feet  high  above  the  level  of 
the  road  upon  the  embankment ;  which  acts  as  an  addi- 
tional, and,  we  should  say,  an  effectual,  security  against 
any  danger  that  can  possibly  arise,  from  the  trains  being 
thrown  over  an  embankment 
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We  have  gone  into  this  part  of  the  subject  rather 
fully,  it  being  very  desirable,  in  an  economical  point 
of  view,  in  the  construction  of  railways,  that  no 
greater  width  should  be  taken,  than  what  is,  absolutely, 
necessary;  at  the  same  time,  the  safety  of  the  pas- 
sengers requires,  that  the  width  should  be  such,  as  *  to 
effectually  guard,  so  far  as  human  care  can,  against  any 
accident. 

Supposing  the  width,  between  the  outside  of  the  rails, 
to  be  five  feet  one  inch ;  between  the  two  lines,  six  feet  j 
and  the  breadth  on  the  outside  of  the  rails,  five  feet  on 
each  side ;  we  have,  then,  the  width  of  the  entire  road, 
at  the  level  of  the  rails,  or,  between  k  and  /,  Figs.  2 
and  3,  Plate  F.,  twenty-six  feet  two  inches.  The 
only  remaining  questions  for  consideration,  are  the 
slopes,  g  kj  h  /,  required  for  the  filling  of  the  road,  and 
the  width  required  for  the  drainage  of  the  excavations. 
The  depth  of  the  filling  is  two  feet,  or  two  feet  three 
inches,  and  a  slope  of  one  foot  horizontal,  to  one  foot 
perpendicular,  is  found  to  be  sufficient ;  although,  ia 
some  cases,  on  the  embankments,  it  is  made  the  same 
slope  as  that  of  the  embankment,  which  would  be,  for 
the  two  slopes,  i  k,  I  m,  four  feet  six  inches,  in  the  for- 
mer case ;  and  six  feet  nine  inches,  where  the  slopes  are 
one  and  a  half  to  one ;  or  nine  feet,  where  the  slopes 
are  two  to  one. 

The  width  of  the  drainage,  eg,  hd.  Fig.  2,  will  vary, 
according  to  the  quantity  of  water  required  to  be  con- 
veyed off;  but  one  foot  and  a  half  on  each  side,  at  the 
formation  level,  is  generally  found  sufficient. 
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§  7- — Width  of  Excavations. 

We  have,  then,  the  width  of  the  excavations  at  the 
formation  level,  as  follows : — 

Two  lines  of  railway,  including  rails. 

Width  between  the  two  lines. 

Do.  on  the  outside  of  rails. 

Do.  required  for  the  slopes, 

Do.  for  the  drainage,  .        -        . 


10  ft. 

,  2  in. 

6 

0 

10 

0 

4 

0 

3 

0 

33 

Q 

which  will  be  the  width,/f ,  c  rf,  Fig.  %  Plate  V. 

§  8. —  Width  of  Embankments. 

And  for  the  embankments,  or  g  A,  Fig.  3,  which  re- 
quire no  width  for  drainage,  three  feet  less,  or  thirty 
feet  two  inches.  Where  mounds  are  raised  on  the  em- 
bankments, as  shewn  by  the  dotted  lines  in  Fig.  3,  the 
width,  i  kj  I  m,  is  two  feet  on  each  side,  requiring  thirty- 
four  feet  two  inches,  where  the  slope  of  the  filling  is  one 
to  one ;  or,  thirty-six  feet,  where  the  slope  is  one  and  a 
half  to  one  j  and  thirty-eight  feet,  where  the  slope  is 
two  to  one.  The  mode  of  calculating  the  quantity  of 
earth  contained  in  any  cutting,  or  embankment,  has 
been  published  :  and  tables  constructed  by  Mr.  Bidder; 
more  elaborate  tables  have  likewise  been  made  the 
subject  of  a  publication,  by  Mr.  Macniel. 

The  filling  of  the  Grand  Junction  railway,  is  two  feet 
three  inches;  and  on  that  line,  where  the  slope  of  the 
embankments  is  one  and  a  half  to  one,  the  width,  at  the 
formation  level,  is  thirty-seven  feet ;  and,  where  two  to 
one,  thirty-nine  feet  four  inches. 
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§  9. — Slopes  of  the  Excavations j  and  Embankments. 

Having  now  ascertained  the  width,  at  the  formation 
level,  it  is  next  necessary  to  determine  the  angle  to  be 
given  to  the  slopes^  s  s,  of  the  excavations  and  embank- 
ments. These  depend,  in  some  degree,  upon  the  depth 
of  the  excavation,  or  height  of  the  embankment ;  in  the 
former,  when  the  material  is  sand,  gravel,  chalk,  or 
gravelly  clay,  a  slope  of  one  and  a  lialf  horizontal,  to  one 
perpendicular,  is  quite  sufficient ;  and  in  excavations,  up 
to  thirty  or  forty  feet,  this  slope  has  been  found  to  stand 
very  well.  In  some  descriptions  of  clay,  such  as  the 
plastic  clay  of  London,  and  clay  of  a  similar  nature,  a 
slope  of  one  and  three-fourths,  or  two  to  one,  is  neces- 
sary. In  all  the  excavations  on  the  Newcastle  and  Carlisle 
railway,  through  a  district  sixty-two  miles  in  length, 
the  slopes  are  made  one  and  a  half  to  one,  and  they 
have  been  found  to  stand  quite  well.  The  sand  cutting 
through  the  Cowran  Hills,  on  that  line,  is  110  feet  deep, 
and  it  is  interspersed,  in  some  places,  with  thin  layers 
of  clay,  and,  yet,  it  has  stood  quite  firm,  with  a  slope  of 
one  and  a  half  to  one.  The  embankments  are  gene- 
rally made,  with  the  same  slope,  as  that  of  the  excava- 
tions ;  and  it  is  presumed,  that,  with  whatever  slope  the 
excavation  will  stand,  the  embankment  formed  of  the 
material  from  such  excavation  will  require,  but  will 
stand  with  the  same  angle  of  slope,  as  tliat  of  the 
excavation. 

On  all  the  modem  railways,  the  slopes  are  covered 
with  a  layer  of  soil,  which  is  procured  from  the  base  of 
the  embankments,  or  from  the  top  of  the  cuttings  j  this 
layer  of  soil  is  spread  over  the  face  of  the  slope  about 
six  inches  thick,  or  of  the  thickness  which  the  soil  from 
those  places  will  yield.    It  is  of  great  importance  to  the 
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security  of  tlie  slopes,  that  the  soil  should  be  laid  on  as 
soon  as  possible,  after  the  excavation  is  made,  or  the  em- 
bankment consolidated  ;  and  sown  with  grass  or  clover, 
or  both,  to  get  a  turf  upon  it  before  the  slopes  are 
affected  by  the  action  of  the  weather.  By  doing  so, 
slopes  will  often  stand,  where,  without  the  soiling  and 
turf,  or  when  exposed  to  the  action  of  the  weather,  they 
will  not  stand ;  ss^  in  Figs.  2  and  3,  shew  the  soil  laid 
upon  the  face  of  the  slope. 

In  these  drawings,  we  have  shewn  the  slope  of  the 
excavation  to  run  down  to  the  formation  level  or  bottom 
of  the  drain.  In  some  cases,  where  stone  is  plentiful, 
and  where  there  is  an  excess  of  cutting,  side  walls,  similar 
to  ejl  Fig.  15,  are  built,  to  retain  the  sides  of  the  ex- 
cavation, the  dotted  line,  p  q  shewing,  in  that  case,  the 
line  of  the  slope.  In  such  cases,  stone  drains,  similar  to 
that  shewn  at  gj  are  made  to  still  further  diminish  the 
width  of  the  railway.  The  propriety  of  doing  this  is, 
however,  entirely  a  matter  of  calculation. 

§  10. — Fencing  the  Railway. 

rqpf  and  p^  ((  t\  Figs.  2  and  3,  shew  the  mode,  ge- 
nerallypractbed,  of  fencing  the  railway.  The  ditches,  r  y, 
T  (fj  are  mostly  made  four  feet  wide  at  top,  and  one  foot 
and  a  half  wide  at  bottom,  and  of  such  a  depth  as  will 
carry  off  the  water ;  and  the  mound,  p  q,  p'  q\  about  the 
same  section,  and  about  two  feet  high,  being  formed 
from  the  excavation  of  the  ditch. 

The  ditches,  r  q^i^  (f^  are,  of  course,  intended  to  cany 
off  all  the  water,  and  effect  the  drainage  of  the  adjacent 
lands  J  the  ditches,  cg^hd^  Fig.  2,  being  to  carry  off 
all  the  water  which  falls,  or  is  brought  into  the  excava- 
tion, or  line  of  railway. 
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§  1 1 . — Coating  the  Railway j  or^  forming  and  draining 

the  Foundation  for  the  Blocks. 

We  now  come  to  a  most  important  part  of  the  con- 
struction  of  railways^  viz.,  forming  a  foundation  for  the 
blocks,  and  laying  down  the  rails.  The  line  having 
been  formed  to  the  proposed  inclination  longitudinally, 
it  is  then  levelled  transversely,  or  a  little  convex,  with 
a  rise  of  three  or  four  inches  in  the  middle,  so  that  the 
water  may  £dl  towards  the  ditches  on  each  side.  But, 
as  the  material  constituting  the  base  of  the  railway,  in 
the  excavations,  and  embankments,  will,  in  a  general 
way,  be  gravel,  day,  or  other  earth,  which  would  retain 
the  water,  and  which  the  blocks  would  sink  into  when 
subjected  to  the  action  of  the  carriages  upon  them  \  it 
is  necessary  to  cover  these  surfaces  over  with  some  ma- 
terial, which  will  allow  the  water  to  drain  oflF  from  the 
bottom  of  the  blocks,  and  which  will  likewise  form  a 
sufficiently  firm  foundation  for  the  blocks  to  rest  upon. 
This  is  generally  done  by  a  layer  or  coating  of  sand- 
stone, or  other  stone,  broken  into  small  pieces,  and 
spread  upon  the  line  of  formation  of  the  railway.  1,  2, 
Figs.  2  and  3,  or  a  a,  F^.  12,  shew  this  layer  of  stone, 
with  the  blocks  resting  upon  it.  This  broken  stone, 
therefore,  serves  as  well  for  a  firm  foundation  for  the 
blocks,  as  for  a  drain  to  carry  ofi^  the  water.  The  thick- 
ness of  coating,  or  broken  stone,  laid  on,  is  generally 
nine  to  twelve  inches,  the  stones  not  being  larger  than  will 
pass  through  a  ring  two  and  a  half  inches  in  diameter ; 
but  when  the  blocks  are  set  upon  this  as  a  foundation, 
a  little  sand,  or  stone  broken  extremely  small,  is  put 
upon  the  larger  sized  coating,  to  make  the  block  bear 
more  firmly.  When  the  railway  is  laid  down,  it  is  then 
filled  up  between  the  blocks,  and  on  each  side,  to  the 
level  of  about  three  inches  above  the  top  of  the  blocks  ; 
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with  small  gravel,  sand,  marl,  or  any  material  of  that 
kind,  which  will  consolidate  sufficiently  hard,  around  the 
blocks,  to  keep  them  steady  and  firm.  In  some  cases, 
the  imder  coating  is  not  spread  across  the  whole  width 
pf  the  formation,  but  only  sufficiently  wide  to  act  as  a 
support  and  drain  to  the  blocks,  the  remainder  of  the 
width  being  filled  up  with  gravel  or  sand. 

Where  good  sandstone  coating  can  be  obtained,  nine 
to  twelve  inches  are  found  quite  sufficient,  generally,  to 
keep  the  blocks  and  road  effectually  free  from  water ; 
but,  where  good  coating  cannot  be  obtained,  or  where 
the  width  of  the  road  is  very  great,  it  is,  therefore,  neces- 
sary to  have  recourse  to  a  different  mode  of  drainage. 
In  these  cases,  a  stone,  or  brick  drain,  is  carried  along 
the  middle  of  the  Hne ;  with  similar  cross  drains  running 
from  it  into  the  side  ditches,  at  certain  intervals.  Figs.  4 
and  5  will  shew  the  manner  in  which  this  is  done. 
Fig.  4  being  the  plan,  and  Fig.  5  an  elevation,  a  6,  are 
the  centre  drains ;  and  ef^  efj  the  cross  drains,  running 
from  the  centre  drain  into  the  side  ditches,  cd^  cd. 
These  drains  may  either  be  made  with  bricks  or  stone, 
as  may  be  found  most  economical,  the  dimensions  vary- 
ing from  four  to  six  inches  square.  Similar  drains  are 
formed  on  the  embankments,  the  side  drains,  in  this 
case,  running  down  the  slopes,  to  carry  off  the  water  to 
the  side  ditches.  The  necessity  for  these  drains  depends, 
however,  much  upon  the  nature  of  the  subsoil  of  the 
excavations,  and  tlie  material  forming  the  embankments. 

§  12. — Setting  the  Blocks. 

The  drainage  having  been  effected,  and  the  under 
coating  having  been  all  spread  upon  the  line,  the  next 
operation  is,  setting  the  blocks. 

On  all  the  excavations  where  stone  blocks  caabe  had 
at  a  moderate  cost,  and  on  the  embankments  which  are 
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sufficiently  consolidated,  stone  blocks  are,  decidedly,  the 
best  support  for  the  rails ;  but,  upon  high  embankments 
made  of  clay,  and  which  are  constantly  settling  down, 
it  is  found  most  advisable,  in  the  first  instance,  to  lay 
down  wooden  sleepers,  stretched  across  from  one  rail 
to  the  other.     Figs.  3  and  4  exhibit  both  modes ;  a  b 
represent  stone  blocks ;  and  c  d,  wooden  sleepers.     The 
stone  blocks  now  laid  down  are  never  less  than  two  feet 
square,  by  one  foot  thick ;  and  they  are  generally  laid 
down  diagonally,  as  shewn  in  Fig.  4.     The  reason  for 
laying  them  thus,  is,  that  they  act  with  greater  effect 
transversely,  in  steadying  the  rails ;  and  the  workmen 
can  have  access  to  all  the  four  sides,  to  put  the  block 
right  in  case  of  displacement,  which  cannot  so  well  be 
done,  when  the  blocks  are  laid  at  right  angles  to  the  line  of 
road.     Setting  the  blocks  is  of  great  importance,  as 
upon  its  being  well  done,  depends  the  permanent  sta- 
bility of  the  road.     The  old  method  was,  after  having 
spr^ui  the  bottom  of  the  excavation,  or  top  of  the  em- 
bankment, over  with  a  layer  of  ashes,  or  small  stones, 
or  gravel,  to  place  the  blocks  upon  this,  with  the  chairs 
and  rails  attached  to  them ;  workmen  were  then  em- 
played  to  push  the  ashes,  or  sand,  underneath  the  blocks, 
with  narrow  shovels,  at  the  same  time  beating  upon  the 
upper  side  of  tlie  blocks  with  heavy  mallets,  until  the 
rails  were  at  the  proper  level.     In  this  manner  of  setting 
the  blocks,  it  will  be  seen,  that  no  firmer  seat,  or  greater 
solidity  could  be  given  to  the  foundation,  than  what  was 
effected  by  the  blows  of  the  mallets  upon  the  blocks  ; 
which  having  little  effect  in  compressing  or   consoli- 
dating the  foundation,  when  the  carriages  came  to  run 
upon  the  rails,  the  blocks  immediately  sunk  down,  and 
it  required  the  workmen  to  be  constantly  pushing  ashes 
or  sand  underneath,  to  raise  them  to  their  proper  level, 
until  they  came  to  a  permanent  seat  i  or,  in  fact,  until 
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the  seats  of  the  blocks  became  suflSciently  firm  to 
resist  the  weight  of  the  carriages  passing  over  them,  or 
until  the  carriages  had  no  eflFect  in  depressing  the 
blocks. 

In  laying  down  the  Liverpool  and  Manchester  rail- 
way, Mr.  Stephenson  adopted  a  plan,  by  which,  in  setting 
the  blocks,  the  foundation  was,  in  the  first  instance,  com- 
pressed and  consolidated  to  such  an  extent,  that  the 
weight  of  the  carriages  had  no  effect  in  causing  the 
blocks  to  yield.  This  was  done  by  the  impact  of  the 
blocks  themselves,  the  principle  being,  in  setting  the 
blocks,  to  employ  a  force,  weight,  or  impact,  upon  the 
foundation  whereon  they  were  to  rest,  greater  than  the 
weight  or  efiect  imposed  by  the  action  of  the  carriages 
upon  that  foundation ;  and,  consequently,  the  latter 
could  have  no  effect  in  further  compressing  the  founda- 
tion, and  causing  it  to  yield,  or  be  depressed.  To  effect 
this,  he  made  use  of  the  block  itself,  by  successively 
lifting  it  up,  and  allowing  it  to  fall  upon  the  seat, 
whereon  it  was  intended  permanently  to  rest.  The 
block  was  raised  by  every  operation  to  such  a  height,  as 
that  the  impact  or  blow  upon  the  coating  or  foundation, 
when  let  fall,  was  much  greater  in  effect  than  the  direct 
weight  or  pressure  of  the  carriages. 

This  system  of  setting  is,  however,  entirely  subverted, 
if  the  foundation,  whereon  the  coating  is  laid,  be  not 
perfectly  firm  and  solid.  The  least  subsiding  or  sinking  of 
the  foundation,  renders  all  this  care,  of  effecting  a  firm 
seat  for  the  blocks,  useless.  Upon  excavations  well 
drained,  it  may  be  adopted  with  complete  effect ;  and  if 
well  done,  and  if  the  blocks  are  sufficiently  large»  they 
require  very  little  care  in  keeping  riglit  afterwards. 
Upon  well  consolidated  embankments  also,  this  plan  of 
setting  can  be  practised  with  like  effect ;  but  in  yield- 
ing embankments^ made  of  clay,  and  before  they  become 
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perfectly  consolidated,  the  whole  expense  of  thus  setting 
the  blocks  is  rendered  useless  by  the  least  yielding, 
which  destroys  the  foundation,  which  so  much  care 
and  expence  have  been  bestowed  to  form. 

The  mode  which  Mr.  Stephenson  used  for  thus  set- 
ting the  blocks,  is  as  follows ;  and  the  same  plan  is  now 
practised  in  setting  the  blocks,  upon  all  the  modern 
railways.  A  lever,  about  twenty  feet  long,  is  fixed  upon 
a  portable  stand,  the  lever  being  sufficiently  strong  to 
lift  one  of  the  blocks,  but  otherwise  very  flexible ;  the 
stand  is  about  five  feet  high,  the  fulcrum  of  the  lever 
being  placed  at  such  a  distance  from  one  end,  that  a 
man  can  readily  lift  one  of  the  blocks.  A  chain  fixed  to 
the  short  end  of  the  lever  is  fastened  to  the  chair  of  the 
block ;  it  is  thus  lifted  or  jerked  up,  about  a  foot  high, 
and  then  let  &li  upon  the  coating,  and  this  is  repeated  a 
great  many  times ;  another  man,  at  the  same  time,  throw- 
ing underneath  the  block,  sand,  or  fine  gravel,  until  the 
successive  blows  effect  a  solid  and  firm  foundation,  and 
the  block  is  firmly  seated  upon  the  coating  of  the  road. 
At  each  of  the  times  when  the  block  falls,  the  attend- 
ant, by  proper  squares  and  sights,  causes  it  to  fall 
on  the  proper  place,  and,  at  last,  to  be  firmly  seated ; 
not  only  level  transversely,  but,  also,  correctly  ranging, 
with  the  longitudinal  level,  or  general  inclination  of 
the  road. 

In  this  manner,  the  blocks  are  all  set,  along  the 
whole  line  of  road,  or  along  certain  lengths,  before  the 
rails  are  keyed  to  the  chair ;  but  the  blocks,  being  set 
perfectly  parallel  with  the  general  inclination  of  the 
road,  and  properly  level  transversely,  and  the  chairs 
being  all  of  the  same  height,  when  the  rails  are  keyed 
down,  they,  of  course,  form  a  perfectly  correct  line  of 
road.  It  need  scarcely  be  added,  that,  when  the  blocks 
are    once    seated,   they  should  not,   09  any  account 
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whatever,  be  moved  in  the  least  degree ;  for  the 
least  movement,  m  any  direction,  must  destroy  the 
seat,  which  has  been  accomplished  with  such  trouble, 
by  the  mode  of  setting. 

Blocks  of  stone  are,  as  before  stated,  universally  used, 
where  the  ground  is  firm  ;  that  is,  in  all  the  excavations, 
and  on  the  embankments,  where  perfectly  consohdated. 
In  some  instances,  blocks  are  used  in  the  latter  case, 
where  the  embankments,  though  not  perfectly  consoli- 
dated, are  not  likely  to  subside  very  much ;  but  it  is 
evident,  the  same  care  in  setting  the  blocks  is  not 
necessary.  ^  Where  the  ground  is  not  firm,  and  wooden 
sleepers  are  used,  they  are  generally  made  to  reach  the 
whole  length,  from  side  to  side,  between  the  rails  ;  and 
to  such  a  distance  beyond,  that  both  rails  can  be  placed 
upon  the  same  sleeper.  This  is  the  more  necessary, 
where  the  foundation  is  liable  to  subside ;  inasmuch  as 
it  preserves  the  proper  width  between  the  rails,  even 
if  both  sides  of  the  railway  are  not  upon  the  same  level, 
and  which  is  often  the  case,  upon  yielding  embank- 
ments. These  wooden  sleepers,  are  mostly  made  of 
larch  fir ;  and  for  railways,  four  feet  eight  inches  distant 
between  the  rails,  from  eight  to  ten  feet  long,  eight  to 
ten  inches  broad,  and  about  five  inches  thick. 

When  the  blocks  are  thus  set,  or  sleepers  laid,  as  the 
case  may  be ;  the  space  between  the  blocks,  and  on  the 
outside  of  the  rails,  is  filled  up  to  about  three  inches 
above  the  top  of  the  blocks,  or  about  the  same  depth 
below  the  top  of  the  rails. 

A  B,  Fig.  4,  is  a  plan,  shewing  one  side  of  a  double 
line  of  railway,  laid  with  stone  blocks,  and  c  d,  the 
other  side,  laid  with  wooden  sleepers. ;  the  shaded  parts, 
ah  J  cdj  cdy  and  ef^efy  shewing  the  drains,  JF^g^S^ 
shewing  the  section  of  the  blocks,  and  wooden  sleepers.* 
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§  13. —  Seating  the  Chairs  upon  the  Blocks. 

A  seat  is,  first  of  all,  made  upon  the  top  of  the  blocks 
perfectly  level,  and  in  the  same  plane  as  the  base  of 
the  block,  upon  which  the  chair  is  to  be  set  i%.  6, 
Plate  V.t  shews  the  mode  generally  adopted  to  fasten 
the  chair  to  the  blocks.  Holes  are  drilled  into  the  stone, 
about  two  inches  in  diameter,  into  which  oaken  plugs 
are  driven,  shewn  at  a  6,  Fig.  6 ;  these  plugs  are  then 
bored  with  a  three-eighth  inch  auger ;  and  the  chair, 
having  been  properly  seated  upon  the  top  of  the  block, 
an  iron  pin,  shewn  at  c  rf,  is  driven,  through  the  hole  of 
the  chair,  into  the  wooden  plug,  and  which,  having  a 
head,  as  shewn  in  the  figure,  fastens  the  chair  to  the 
sleeper. 

The  rough  nature  of  the  blocks,  almost  renders  it 
impossible  to  get  a  level  and  uniform  seating  for  the 
chair  ;  and  recourse  has  been  lately  had  to  a  thin  piece 
of  felt,  interposed  between  the  chair  and  block,  which, 
when  the  chair  is  firmly  pressed,  by  the  pin,  to  the 
block,  fills  up  all  the  interstices,  and  makes  a  more  firm 
seat,  than  could  be  done  without  this  expedient. 

The  chairs  have  generally  only  two  holes,  and  two 
pins  to  fasten  them  to  the  blocks.  Mg.  7,  shews  a  chair 
with  four  pins,  for  fastening  it  to  the  block.  Mr.  Story 
has  hdd  down  some  of  this  description,  with  four  pins, 
on  the  Stockton  and  Darlington  railway.  Figs.  6  and  7, 
shew  a  plan  and  section  of  the  chairs,  intended  by 
him,  for  the  rails  of  the  Great  North  of  England 
railway. 

Fig.  8,  shews  a  plan,  by  Mr.  Daglish,  for  fastening 
the  chair  to  the  block.  Two  holes,  b  6,  of  two  inches 
diameter  each,  are  drilled  two  inches  upwards,  from  the 
bottom  of  the  block ;  through  the  remainder  of  the 
thickness  of  the  block  a  hole  is  drilled,  three  quarters 
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of  an  inch  in  diameter ;  two  bolts  of  that  size  are  put 
through  these  holes,  with  the  heads  downwards,  the 
other  ends  of  the  bolts  passing  through  the  chair; 
keys  are  driven  through  the  ends  of  the  bolts,  which 
wedge  the  chair  upon  the  block,  and  which  can  be 
tightened  at  any  time.  The  only  disadvantage  of  this 
mode,  is,  that  if  any  accident  happens  to  the  bolt,  it 
cannot  be  replaced,  or  repaired,  without  removing  the 
block. 

.    In  all  the  old  railways,  the  plan  of  &stening  the  chair 
to  the  block,  was  by  means  of  an  oaken  pin ;  and  this 
plan  has  been  adopted,  upon  the  Newcastle  and  Car- 
lisle railway  j  and  so  far  as  the  experience  of  between 
two  and  three  years  enables  us  to  judge,  it  seems  likely 
to  answer  quite  as  well,  if  not  better,  than  the  plan 
shewn  in  Fig.  6.     In  the  latter  plan,  the  iron  pin  is 
only  kept  in  its  place,  by  the  compression  of  the  wood 
against  the  pin  ;  but  we  find,  that,  by  boring  out  the 
hole,  in  the  middle  of  the  plug,  the  wood  is  much  shat- 
tered, and  it  is  still  more  split  in  driving  the  pin.   There 
remain,  therefore,  only  detached  pieces  of  the  wood, 
to  act  against  the  pin,  to  keep  it  tight ;  and  we  accord- 
ingly find,  that  most  of  the  pins,   first  used  on  the 
Liverpool  and  Manchester  railway,   have  all  worked 
loose.     Fig.  9  shews  the  mode  adopted  on  the  New- 
castle and  Carlisle  railway.    The  wooden  pins  are  three 
quarters  of  an  inch  in  diameter,  and  six  inches  long ;  the 
hole  drilled  in  the  block,  is  scarcely  three  quarters  of  an 
inch  in  diameter  ;  when,  therefore,  the  plug  is  driven, 
it  sustains  considerable  compression.     The  hole  in  the 
chair  is  an  inch   deep,    bevelled  upwards,    or    three 
eighths  of  an  inch  larger  diameter  on  the  upper  than 
the  under  side ;  the  plug  having  an  enlarged  head,  as 
shewn  in  the  figure,  to  keep  the  chair  firmly  in  its 
place.     These  plugs  are  all  engine-turned,  and  made 
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octangular,  and  of  old  oak,  or  the  heart  of  the  oak,'  well 
dried ;  when  well  driven,  they  cannot  be  forced  out 
again,  the  ragged  nature  of  the  blocks,  and  the  expan- 
sion of  the  plugs,  securing  them  within  the  block,  quite 
tight  and  firm.  The  objection,  which  most  naturally 
suggests  itself,  against  this  plan,  is,  the  probable  decay 
of  the  plug  within  the  chair.  We  find,  however,  plugs 
remaining  quite  good,  upon  the  old  railways,  which 
have  been  in  use  upwards  of  twenty  years.  Little 
doubt  can,  therefore,  exist  as  to  their  durability  within 
the  blocks ;  and  the  heads  being  cut  off,  level  with 
the  top  of  the  hole  of  the  chair,  and  covered  with 
tar,  if  made  of  good  oak,  they  will  be  found  very 
durable. 

§  14. — K^ng  the  Rails  to  the  Cliairs^  arid  Farm  of 

joining  the  Rails  at  their  Ends. 

In  Chapter  II.  we  have  given,  in  describing  the 
different  forms  of  rails,  the  mode  of  uniting  them  at 
the  joints,  and  of  keying  the  rails  to  the  chairs.  For 
the  particular  plans,  of  joining  all  the  various  kinds  of 
rails  and  chairs,  we  refer  the  reader  to  that  chapter  \ 
our  object,  in  this  place,  being,  to  enquire  into  the 
effect,  in  practice,  of  the  different  modes  of  keying 
the  rails  to  the  chairs,  and  of  joining  the  ends  of  the 
rails  to  each  other. 

We  have  stated  that,  at  the  first  introduction  of  rail- 
roads, the  rails  were  all  made  with  square  joints,  or 
square  ends  \  and  that,  subsequently,  they  were  made 
so  that  a  portion  of  the  end  of  one  rail  overlapped  a 
similar  portion  of  the  next  rail,  forming  what  is  called,' 
an  overlap  joint;  the  latter  mode  being  adopted  to 
avoid  the  shocks,  or  blows,  which  the  carriage  wheels 
might  meet  with,  by  the  end  of  one  rail  projecting. 
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above  that  of  the  other,  and  which  the  square  end  joints 
present,  when  the  blocks  are  out  of  order. 

Professor  Barlow,  made  an  experiment  upon  the 
Liverpool  and  Manchester  railway,  to  ascertain  the 
effect  to  a  train  of  waggons,  passing  over  a  joint  dis- 
placed, or  out  of  order,  with  the  end  of  one  rail  rising 
above  the  plane  of  the  other.  He  applied  a  deflec- 
tometer,  or  instrument  shewing  the  amount  of  deflection 
of  the  rail,  when  the  engine  and  train  passed  over  it,  com- 
pared with  a  rail,  with  a  joint  displaced,  or  with  its  end 
rising  above  that  of  the  preceding  rail ;  and  found  the 
force  of  concussion  fifty  per  cent,  greater,  with  the  bad 
joint,  than  with  a  perfect  joint 

The  following  is  the  experiment  alluded  to  ;  a  bad, 
or  open  joint,  was  selected,  the  deflectometer  applied 
to  the  block,  and  the  shock  measured  by  the  instru- 
ment ;  the  rail  was  then  taken  up,  and  relaid,  so 
as  to  make  the  joints  as  close  as  usual,  having  the 
opening  the  same  as  the  other  end,  and  the  ^ect 
was  again  taken.  The  result,  with  the  Swiftsure 
engine  was  — 

Bad  joint.         Replaced  joint. 

Disturbance  -         -  '(HS  ^OSS  great  speed. 

Ditto  -      -      .  -030  -016 

Ditto  -      -        -  -031  -022 

Ditto  -       -      -  -023  -015 


Mean  disturbance     -031  Mean  -021 


We  see,  therefore,  how  important  it  is,  that  the  mode 
of  joining  the  ends  of  the  rails,  should  be  such  as  to 
prevent  the  end  of  one  rail,  from  rising  above  the  plane 
of  the  other.  With  square  ends,  when  the  blocks  are  dis- 
placed, this  is  unavoidable  ;  we  must,  therefore,  either 
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rely  upon  the  size  of  the  blocks,  and  the  mode  of  fixing 
them,  being  such  as  that  no  displacement  will  take  place, 
or  contrive  such  a  joint  as  will  allow  of  a  block  being 
displaced,  without  destro3dng  the  parallelism  of  the  rails. 
We  have  gone,  somewhat  largely,  into  this  part  of  the 
subject,  when  treating  on  the  plan  of  setting  the  blocks ; 
but  we  find,  in  practice,  that  it  is  extremely  difficult  to 
form  such  a  foundation  for  the   blocks,   as   will   not 
occasionally  yield,  and  produce  the  displacement  of  the 
rails.     The  plan  of  half-lapped  joints,  if  the  principles 
on  which   that  plan   is   based  could  be   fully  carried 
into  effect,  in  practice,  would,  to  a  very  considerable 
extent,  remedy,  if  not  entirely  remove,  the  evil ;  but 
there  are  great  obstacles,  in  working  out  that  theory,  in 
practice.     In  the  first  place,  in  forming  a  half-lapped 
joint,  by  simply  cutting  or  splitting  the  rail  into  two 
equal  parts  at  the  ends,   the  middle  rib  and  base  are 
so  reduced  in  thickness,  that,  in  practice,  we  find  them 
laminating,  or  becoming  crushed ;  it  is,  therefore,  essen- 
tial, in  the  construction  of  such  a  rail,  either  that  the 
middle  rib  and  base  should  be  entirely  set  to  one  side, 
so  as  to  preserve  a  sufficient  thickness  of  iron  to  resist 
the  pressure ;    or,  that  a  portion   of  iron   should  be 
welded  upon  the  end  of  the  half  lap,  to  form  an  ade- 
quate base  to  prevent  its  being  crushed.    These,  and 
especially  the  latter,  it  will  be  seen,  increases  the  cost  of 
the   rails,  and  therefore,  in  some  cases,  may  be  con- 
sidered an  important  objection ;  and,  in  the  next  place, 
it  is  difficult,  unless  very  great  pains  are  taken,  in  the 
construction  of  the  ends  of  a  half-lapped  joint,  to  form 
it  in  such  a  manner,  as  that,  when  a  block  is  displaced, 
one  end  shall  not  be  raised  above  that  of  the  other ; 
as   it    requires    to   be    a   little    rounded  at  the    ex- 
treme end  of  the  half  lap.     There  can  be  no   doubt. 
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however,  if  the  funds  of  any  railway  company  will  allow 
of  the  more  perfect  mode  of  manufacturing  this  descrip- 
tion of  rail ;  and  it  be  the  intention  to  form  a  perfectly 
smooth  line  of  railway,  that  the  plan  of  forming  the 
joints,  in  such  a  manner,  effects  that  object  better  than 
rails  with  square  ends.  Sometimes,  instead  of  making 
the  half  lap  parallel,  the  ends  of  the  rails  are  cut 
diagonally ;  but  this  forms  a  joint,  with  all  the  objections 
of  the  crushing  at  the  ends,  and  does  not  completely 
obviate  the  shocks,  by  one  end  being  raised  above  the 
other. 

In  considering  the  subject  of  the  best  form  of  joining 
the  ends  of  the  rails,  we  must  not  omit  taking  into 
account,  the  effect  of  the  expansion  and  contraction  of 
the  rails,  by  the  variation  of  temperature.  We  have 
seen,  in  §  6,  Chap.  III.,  that  this  amounts  to  about  the 
fifteenth  part  of  an  inch,  in  a  rail  fifteen  feet  in  length. 
Supposing  the  chairs  and  blocks  to  remain  firm,  this 
will  be  equal  to  the  thirtieth  part  of  an  inch,  at  each  end 
of  every  rail ;  and  therefore,  if  the  rails  were  laid  down 
at  the  maximum  degree  of  temperature,  the  open  space 
between  the  ends,  with  a  square  joint,  would  amount 
to  the  fif):eenth  part  of  an  inch ;  and  would,  there* 
fore,  present  a  shock  to  the  carriage  wheels  in  pass- 
ing. In  this  case,  the  extent,  which  the  halfllapped 
ends  of  the  rails  of  that  description  of  joiut  W^ijl^ 
have  to  slide  against  each  other,  would  be  th^  99^ 
distance,  or  the  fifteenth  part  of  an  inch,  wh^i|.,  Jhjp 
temperature  was  at  the  lowest.  This  is,  spppoa^ 
the  ends  of  the  rails  to  be  allowed  to  slide  wltnin  th^ 

that  almost  all  the  modes  of  fastening  the  r^mstp^the 
chairs,  is  upon  the  principle  of  tlieur  bemg  immpveably 
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keyed  thereto,  and,  therefore,  when  perfect,  no  allow- 
ance is  made  for  the  variation  of  length,  by  the  increase 
or  diminution  of  tempexature.  This  seems  to  imply, 
that  it  is  the  universal  opinion  of  engineers,  that  no 
regard  should  be  paid,  in  forming  the  joints,  to  the 
effect  of  the  expansion  or  contraction.  In  laying  down 
the  railway  however,  the  practice  is,  to  keep  the  ends  of 
the  rails  about  a  sixteenth  of  an  inch  separate ;  if  the 
rails  are  laid  in  the  medium  temperature  of  the  year, 
we  find  that  in  summer,  the  ends  become  quite  close 
together,  and  in  winter,  they  again  open ;  although  the 
principle  of  keying,  is  that  of  an  immoveable  joint. 

According  to  the  experiments  of  Barlow,  a  bar  of  iron 
is  extended  the  one  ten  thousandth  part  of  its  length, 
by  every  ton  of  direct  strain,  per  square  inch  of  section. 
Now,  suppose  the  railway  bar  to  be  of  a  sectional  area 
equal  to  five  square  inches,  this  would  be  five  tons  per 
one  ten  thousandth  part  of  an  inch  extension  ;  and  as 
we  see  the  contraction  between  the  maximum  and 
minimum  temperature,  is  equal  to  the  fifteenth  part  of 
an  inch,  or,  in  a  fifteenth  feet  bar,  equal  to  the  two 
thousandth  part  of  the  length  of  the  bar,  or  five  times 
that  which  the  strain  of  one  ton  would  effect ;  we  find, 
therefore,  that  the  strain  upon  each  chair  by  the  keys, 
if  firmly  fixed,  would  be  equal  to  twenty-five  tons.  Any 
mode  c^  keying  the  rails  to  the  chah-s,  upon  the  principle 
of  firmly  securing  the  one  to  the  other ;  would,  therefore, 
impoff^  such  a  strain  upon  the  chair  and  rails,  as  would 
have  considerable  effect  in  breaking  the  fonner,  and  of 
duninishing  the  tensile  force  of  the  latter.  In  practice, 
therefore,  when  such  a  mode  of  keying  is  adopted,  and 
when  a  qpace  of  about  one  sixteenth  of  an  inch  is  left 
between  the  rails,  it  appears  that  the  expansion  in  sum- 
mer  extends  the  ends,  so  as  to  become  quite  close,  and| 
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if  then  keyed,  we  are  convinced,  tliat  the  rails  are  per- 
manently lengthened  by  the  action  of  the  key,  and  the 
motion  of  tlie  wheels  upon  the  rails  ;  and  that  the  action 
of  the  temperature  operates  more  in  expanding,  than 
in  contracting,  the  rail ;  and  hence,  we  find,  in  summer, 
the  rails  twist  and  bend  as  they  become  lengthened  by 
the  expansion,  and  in  winter,  the  ends  become  par- 
tially  opened  by  the  contraction,  but  not  to  the  extent 
which  the  temperature  would  produce,  if  there  were  not 
a  certain  degree  of  compression  acting  upon  them  pre^ 
viously.  No  doubt,  the  imperceptible,  slow,  but  power- 
ful effect  of  the  heat,  added  to  the  tremour  and  motion 
occasioned  by  the  wheels ;  produces  a  working  of  the 
keys,  and  they  tlius  yield  and  become  loose,  and  allow 
the  rail  to  accommodate  itself  to  the  expansion  or  con- 
traction, produced  by  the  variation  of  temperature. 

If,  therefore,  in  practice,  we  find  a  constant  motion  in 
the  joints  of  the  rails,  by  the  action  of  the  weather,  and 
that  no  plan  of  keying  hitherto  adopted,  can  or,  perhaps, 
ought  to  produce  an  immoveable  joint ;  it  would  appear, 
that  the  only  mode  of  preventing  the  shocks  and  blows 
incident  to  the  opening  of  the  joints,  and  to  produce  a 
perfectly  smooth  railway,  would  be  to  have  recourse  to 
the  adoption  of  half-lapped  joints,  so  that  they  could 
slide  longitudinally,  to  counteract  the  effect  of  the  ex- 
pansion and  contraction.  But  to  produce  such  a  joint, 
which  would  not  crush  or  yield  to  the  pressure  of  the 
wheels,  it  is  necessary,  we  find,  to  incur  a  considerable 
expense  in  its  formation.  At  the  same  time,  we  think 
it  right  to  observe,  that  in  a  well-constructed  railway^ 
with  large  blocks,  well  laid,  and  with  heavy  rails,  a 
comparatively  smooth  and  level  railway  can  be  formed 
with  square  joints  ;  and  that  on  almost  all  the  modem 
railways,  such  a  joint  is  used. 
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§  1 5. —  On  Curves,  on  the  Line  of  Railway. 

.  Where  the  line  of  railway  is  perfectly  straight,  it  is 
scarcely  necessary  to  observe,  that  the  rails  should  be 
laid  perfectly  horizontal,  or  in  a  plane  with  the  gradient 
of  the  line  lon^tudinally,  and  perfectly  level  trans- 
versely ;  but  where  there  are  curves  on  a  line,  the  level 
transversely  will  require  some  consideration.  That  pro- 
perty in  all  bodies  to  continue  their  motion  in  a  straight 
line,  gives  to  the  carriages  upon  railways,  a  tendency  to 
move  in  a  tangential  direction ;  and  hence,  on  approach- 
ing a  curve  or  change  in  the  direction  of  the  line  of 
railway,  the  carriages  have  a  tendency  to  move  in  the 
direction  of  the  tangent  to  the  curve ;  and  they  are 
only  kept  upon  the  rails,  or  along  the  line  of  the  curve, 
by  the  action  of  the  flanch  of  the  wheels,  against  the  side 
of  the  rails.  The  wheels,  which  act  against  the  rails, 
are  the  flanches  of  the  wheels,  which  travel  on  the  out- 
side rails  of  the  curve,  and  their  flanches  act  against  the 
inside  of  those  rails. 

•  All  the  wheels  now  used  on  railways,  especially  where 
curves  occur  on  the  line,  are  constructed,  so  that  the 
outside  rim  is  conical,  or  is  enlarged  in  diameter  next 
the  flanch  j  when,  therefore,  the  carriages  are  passing 
round  a  curve,  the  wheels  being  connected  together  by 
the  axle,  forms,  as  it  were,  a  conical  roller,  running 
upon  the  rails  vdth  diflerent  radii ;  the  larger  radii  being 
on  the  outside  curve  of  the  rail.  This  increase  in  the 
diameter  of  the  wheel,  running  on  the  outside,  compen- 
sates, to  a  certain  extent,  for  the  increased  length  of 
the  outer  curve  of  the  rail ;  and  if  the  radius  of  tlie 
curve,  is  not  less  than  the  line  which  the  two  wheels  of 
unequal  radii  would  describe,  the  wheels  will  travel 
Mong  the  line  of  the  curve  without  rubbing  against  the 
flanches.     But,  if  the  curve  is  more  acute  than  such  a 
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line,  then  the  flanches  of  the  wheels,  are  the  only  guides 
to  keep  the  carriages  on  the  rails. 

The  degree  of  cone,  generally  given  to  the  tire  of  the 
carriage  wheels,  is,  to  make  the  diameter,  next  the 
flanch,  one  inch  larger  than  the  diameter  next  the  out- 
side of  the  tire ;  the  breadth  being  three  and  a  half 
inches.  In  practice,  it  is  likewise  usual  to  keep  the 
wheels  at  such  a  distance  from  each  other  upon  the 
axles,  that  when  travelling  upon  a  sti-aight  line,  the 
flanches  on  each  side  are  about  one  inch  from  the  rail. 
Supposing  the  wheels  three  feet  diameter,  which  is  the 
general  size,  the  curve  which  such  wheels  would  describe, 
beforethe  flanches  would  rub  against  the  rails,  is  thus 
found.  The  extreme  lateral  motion,  generally  given 
to  the  wheels  upon  the  rails,  is  from  one  and  a  half  to 
two  inches,  the  difierence  of  diameter  on  the  whole 
breadth  of  three  and  a  half  inches  is  one  inch ;  therefore, 
suppose  the  extent  of  lateral  motion,  before  the  flanch 

rubs  against  the  rail,  to  be  1*05  inch,  then  ~zz*3f  the 
difference  of  diameter  in  V05  inches;  consequently, 
when  the  flanch  is  just  rubbing  against  the  side  of  the 
rail,  one  of  the  wheels  is  traversing  a  circle  36*3  inches 
in  diameter,  and  the  other,  a  circle  equal  to  36  inches. 
Now,  the  line  which  these  wheels  would  describe^  the 
width  between  the  rails  being  flfly-six  inches,  would  be 
a  curve  with  a  radius  of  565  feet,  viz.,  as  *3  :  36  : :  56  : 
565  feet ;  and  as  this  is  a  curve  of  a  less  radius  than 
any  which  ought  to  occur  upon  a  railroad^  we  find  that 
a  cone  of  an  inch,  in  the  breadth  of  three  and  a  half 
inches,  given  to  carriage  wheels  of  a  diameter  equal  to 
three  feet,  is  sufficient  in  all  ordinary  curves  upon  a 
railroad,  to  prevent  the  wheels  rubbing  against  the  in- 
side of  the  rails. 
We  have  now  to  consider,  the  effect  of  the  centrifugal 

force  of  carriages,  passing  round  curves  of  different  radii. 
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As  before  stated,  the  tendency  of  carriages  passing  around 
the  curves  upon  a  railway,  is  to  keep  a  tangential  course ; 
this  is  capable  of  being  measured,  and  is  a  certain  force, 
depending  upon  the  velocity  of  motion,  and  the  radius 
of  the  curve,  the  formula  being  well  knoivn. 
Let  w=:the  weight  of  the  carriages, 
r=the  radius  of  the  curve  in  feet, 
v=the  velocity  of  the  carriages  m  feet  per  second, 
^=the  accelerating  force  of  gravity,  or  the  velocity 
which  a  body  would  acquire  in  &lling  a 
second  of  time- 
Then  the  fiactional  part  of  the  weight  of  the  carriage, 

representing  the  centrifugal  force,  will  be  g=w+  ^. 

gr 

Thus,  suppose  the  velocity  of  the  carriage  to  be  fifteen 
miles  an  hour,  or  twenty-two  feet  per  second,  and  the 
xadhis  €si  the  curve  500  feet, 

*»^^^=^-*'S2T500=^33^; 
Ifi  therefore,  we  elevate  the  outside  rail  of  the  rail- 
way, to  such  a  height,  above  the  inner  rail,  that  we  give 
to  the  axles  of  the  carriages  resting  upon  the  two  rails, 
suqh  an  inclination  as  will  produce  upon  the  carriages  a 
gravitating  force  towards  the  centre  of  the  curve,  equal 
in  amopnt  to  that  of  the  centrifugal  force  outwards ; 
th/^e  wijl  neither  be  any  tendency  in  the  carriages  to 
Upset^  Qsr  to.  press  the  wheels  against  the  rails.  Thus, 
iippil.  jtjl^  purve  above  named,  if  the  outside  rail  be  ele- 
iVate4  to  supb  a  height  above  the  inner  rail,  as  will  give 
;tp  -tl^e  a^Jes  of  the  carriages,  such  an  inclination  as, 
together  with  the  difference  of  diameter  of  the  wheels, 
where  running  upon  the  rails  on  the  curve,  will  be  equal 
to  the  one  thirty-third  part  of  the  breadth  between  the 
xails^  .ipr^n  the  carriages  travel  at  the  rate  of  fifteen 
miles  siJX  hour  \  the  gravitating  force  inwards  will  coun« 
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teract  that  of  the  centrifugal  force  outwards,  in  passing 
^round  the  curve. 

Let  w;=the  width  of  the  railway,  and  s=the  surplus 
of  elevation  given  to  the  end  of  the  axle  of  the  wheel, 
on  the  outside  of  the  curve,  in  inches,  d — cTnthe  dif- 
ference of  diameter  of  the  two  wheels,  where  running 

upon  the  rails  in  traversing  the  curve  ;  then  s= 


v^w 


qr 

\d — |rf'=the  height,  in  inches,  which  the  outside  rail 
of  the  curve,  should  be  elevated  above  that  of  the  inner 
rail,  to  counteract  the  effect  of  the  centrifugal  force  of 
the  carriages  passing  round  the  curve. 

We  must  now  find  the  value  of  d — d\  which  will  vary 
as  the  radius  of  the  curves.  To  accomplish  this,  we 
have  to  obtain  the  difference  of  diameter  of  the  two 
wheels,  which,  in  the  breadth,  w^  of  the  railway,  will 
cause  the  wheels  to  describe  a  curve,  the  radius  of 
which  is  r.     Supposing  the  wheels  thirty-six  inches  in 

diameter, =D,  this  will  be  — —  ;  consequently,  we  have 

s * • 

gr       ^    r 

When,  however,  we  once  determine,  and  lay  down 
the  rails  suitable  for  a  given  velocity,  and  the  carriages 
move  at  a  slower  rate,  the  force  of  gravity  will  over- 
balance that  of  the  centrifugal,  and  the  effect  will  be,  a 
tendency  of  the  carriages  to  press  the  flanches  of  the 
wheels  against  the  inside  rails  of  the  curve  ;  and,  on  the 
contrary,  if  they  move  at  a  greater  velocity,  the  tend- 
ency will  be,  to  press  the  flanches  against  the  outside 
rails.  As  the  slower  trains  are  generally  more  heavily 
laden,  and  when,  consequently,  any  increase  of  friction 
will  have  a  more  powerful  effect  upon  the  moving 
power,  than  with  lighter  trains  travelling  at  a  quicker 
rate  j  it  will  be  advisable,  that  the  elevation  of  ^e  out? 
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side  rail,  should  not  be  greater  than  to  compensate  tor 
the  centrifugal  force,  at  the  slower  rate  of  travelling 
with  heavy  trains. 

The  following  Table  will  shew  the  elevation  to  be 
given  to  the  outside  rail,  of  different  radii,  above  that  of 
the  inner  rail  of  such  curve ;  so  that  the  whole  amount 
of  centrifugal  force,  is  balanced  by  that  of  the  gravity  of 
the  load,  towards  the  inside  of  the  curve. 

Table  I. 


Description  of  waggoii,  and 
width  of  railway. 


Diameter  of  waggon  wheels  S  ft.; 
width  of  railway  4  ft.  8  in. ; 
inclination  of  the  tire  of  the 
wheel  4  inch  in  the  breadtlii 
viz.  3)  inches. 


Radius  of 

the  curve 

in  feet. 

Surplus  of  elevation  in  inches,  the 
vdocity  in  miles  per  hour  being. 

10  miles. 

15  miles. 

20  miles. 

250 

1*16 

3  04 

5*67 

500 

•58 

1-52 

2*83 

1000 

*29 

•76 

1*42 

2000 

•15 

•38 

•71 

9000 

•10 

•25 

•47 

4000 

•07 

'20 

•36 

5000 

•06 

•15 

•29 

§  10. — Plan  of  crossing  Streets j  and  Turnpike  Roads. 

Having  thus  described  the  mode  of  executing  a  rail- 
way on  ordinary  ground,  the  plan  of  drainage,  and  the 
coating  and  laying  the  railway  ;  we  shall  now  describe 
the  plan  of  crossing  streets  and  roads.  Fig.  10  is  a 
section,  ind  Fig.  11,  Plate  V.y  a  plan,  of  crossing  a  street, 
or  public  highway,  near  a  town ;  a  a  a,  &c.  is  masonry, 
fonniug  the  foundation  whereon  the  railway  is  to  be 
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laid,  and  the  drains,  b  6,  for  carrying  off  the  water,  and 
acting,   hkewise,   as  a  receptacle  for  the  dirt^     The    J 
blocks  c  c,  are  placed  upon  the  masonry,  and  upon  the  X 
blocks,  and  attached  to  the  chair,  is  a  frame  of  easy 
iron,  inclosing  the  rails,  as  shewn  in  Fig.  11,  rr  being, 
the  rails,  e  e,  ee^  the  cast-iron  frame,  with  the  cross  ribs^ 
///,  &C.     Between  the  rails,  rr,  and  the  sides,  ee^  o^ 
the  iron  frame,  there  is  just  sufficient  width  for  the 
flanch  of  the  wheels  of  the  carriages  to  pass  along ;  and 
being  open  underneath  to  the  drains  b  by  except  where 
covered  by  the  blocks  cc,  and  chairs^  Fig.  11  y  all 
the  dirt  falls  down  into  the  drains,  and  keeps  the  rails 
entirely  free  for  the  passage  of  the  carriages. 

The  stones  ggj  ggj  are  penned  close  against  the 
outer  sides  of  the  iron  frame,  and  on  a  level  with  the 
top  of  it ;  so  that,  when  carts,  or  other  carriages,  cross 
the  rails,  they  are  not  subjected  to  any  jolt.  Between 
the  stones  ggy  the  road  is  paved  in  the  ordinary  way, 
and  which,  resting  on  the  solid  masonry,  is  kept  very 
firm  and  level. 

Fig.  12  shews  the  manner  of  passing  common  roads, 
where  the  passage  is  not  very  great.  In  this  case,  the 
masonry  is  not  required,  the  blocks  c  c  are  set,  as  in  the 
common  way,  upon  the  coating  a  a  j  a  cast-iron  frame, 
similar  to  that  before  described,  and  shewn  in  Fig.  1 1, 
is  laid  upon  the  blocks,  for  the  purpose  of  protecting 
the  rail,  from  the  wheels  of  the  carriages  crossing  the 
road ;  but  in  this  case,  there  is  no  drain  or  receptacle 
for  the  water  and  dirt,  as  in  the  former  cases,  any  dirt 
falling  into  the  cavity,  against  the  rails,  being  taken  out 
by  the  attendants,  when  necessary.  The  road  may  be 
either  paved  on  the  surface,  against  the  frame-work,  or 
covered  with  broken  stones,  or  with  the  common 
material  of  the  road ;  in  the  latter  case,  however,  the 
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iron  frame-work,  as  shewn  in  the  drawing,  must  be  of 
larger  dimensions,  to  prevent  its  being  broken  by  the 
wheels  of  the  carriages. 

§  17* — Mode  of  passing  yielding  Oround^  or  Mosses. 

We  have  thus  described  the  different  modes  of  exe- 
cuting, and  laying  down  railways  upon  ordinary  ground. 
It  would  be  going  beyond  the  proper  sphere  of  a  work 
of  this  kind,  to  attempt  to  offer  plans  to  meet  difficulties 
in  extraordinary  cases,  the  intention  being,  rather  to 
describe  what  has  been  done,  than  to  devise  plans  for 
executing  unforeseen  difficulties.  The  modes  of  passing 
yielding  ground,  mosses,  or  bogs,  adopted  by  some 
engineers,  may,  however,  be  described  in  this  place; 
and  the  Chat  Moss,  on  the  Liverpool  and  Manchester 
railway,  being  the  most  extensive  moss  yet  passed  over, 
we  shall  give  the  plan  adopted  by  Mr.  Stephenson,  for 
carrying  the  railway  over  this  moss. 

This  moss  is  of  considerable  extent,  comprehending 
an  area  of  about  twelve  square  miles,  being  of  so  soft 
and  spongy  a  nature,  that  cattle  cannot  walk  upon  it, 
and  an  iron  rod  sinks  with  its  own  weight.  The  depth 
varies  from  ten  to  thirty-five  feet,  resting  on  clay  and 
sand.  The  distance  which  tlie  railway  was  to  be  carried 
over  it,  was  upwards  of  four  miles  and  a  half,  an  under* 
taking  which  required  some  degree  of  nerve  to  contem- 
plate* It  is  necessary  to  premise,  that,  in  carrying  the 
railway  across  the  moss,  the  level  required,  that  it 
sliould,  in  some  places,  be  twelve  feet  above,  in  others, 
nine  feet  below,  and  to  vary  from  tliese,  to  level  with 
the  original  surface  of  the  moss.  We  have,  therefore, 
tliree  distinct  operations,  viz.,  embanking  the  railway 
^bo\e \  forming  a  cut  below;  and  forming  the  road 
level  wit/i  the  moss. 
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Embanking  the  railway  above  the  moss.  There  is 
another  moss,  of  considerably  less  extent  than  this,  over 
which  the  railway  passed,  and  which,  at  one  end,  was 
terminated  by  an  extensive  cutting  of  clay  and  gravel. 
As  an  embankment,  of  four  feet  in  height,  had  to  be 
formed  over  this  moss,  the  materials  from  the  excava- 
tion were  used  for  this  purpose.  The  moss  was  about 
twenty  feet  deep,  and  it  was  soon  found,  that  as  the 
materials  were  successively  laid  upon  the  moss,  the 
whole  mass  gradually  sunk  ;  and  when  the  embankment 
^was  finished,  although  the  actual  level  of  the  railway 
was  only  four  or  five  feet  above  the  original  surface  of 
the  moss,  the  quantity  of  the  metal  deposited  would 
have  formed,  on  ordinary  ground,  an  embankment 
twenty-four  or  twenty-five  feet  high  ;  with  such  mate* 
rials,  therefore,  (clay  and  gravel,)  it  would  have  been 
impossible  to  form  an  embankment  over  Chat  Moss. 
The  quantity  required,  and  the  consequent  expense, 
would  have  been  enormous.  Mr.  Stephenson  had  re- 
course, therefore,  to  the  moss  itself,  for  materials  to 
form  the  embankment,  which,  by  its  inferior  specific 
gravity,  would  not  sink  to  such  an  extent  as  gravel  and 
clay.  In  its  natural  state,  the  moss  was  unfit  for  this 
purpose,  but  drains  were  cut,  five  yards  apart,  which  laid 
the  moss  between  the  drains  dry,  and  rendered  it  ex- 
cellent material  for  the  purpose.  With  this  material, 
embankments  were  formed  upon  part  of  the  moss, 
and  it  was  found  to  require  only  about  four  times  the 
quantity  of  material,  that  would  have  sufficed  for  sound 
ground,  and  the  road  appears  in  quite  as  good  order,  as 
in  any  other  part  of  the  line. 

Forming  a  cut  below  the  level  of  the  surface  of  the 
mosSy  was  accomplished  entirely  by  draining ;  the  drain 
was  cut  along  the  line  of  the  railway,  eighteen  inches 
to  two  feet  deep,  which  laid  dry  that  portion  of  the 
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moss  between  them.  About  twelve  inches  m  thickness, 
thus  dried,  was  excavated  at  a  time ;  and  it  was,  in 
that  manner,  successively  drained  and  excavated,  until 
the  proper  depth  was  obtained.  The  permanent  road 
was  then  formed  in  the  manner  hereafter  described* 

Laying  down  the  road  upon  the  surface  of  the  moss. 
Drains  were  first  of  all  cut  on  each  side  of  the  line,  and 
lateral  ones,  where  necessary,  to  carry  off  the  water.  By 
this  means,  a  certain  depth  of  moss  on  the  top  was  par- 
tially consolidated,  and  formed  a  layer  or  surface  of  dry 
moss,  of  considerable  tenacity ;  upon  this,  hurdles,  nine 
feet  long,  and  four  feet  broad,  wickered  with  heath, 
were  laid  down  transversely.  In  many  places,  only  one 
layer  of  hurdles  was  required  j  but  when  the  moss  was 
very  soft,  two  layers  were  used.  Upon  this,  was  laid 
about  two  feet  of  ballast,  or  gravel,  to  form  the  per- 
manent road ;  and  wooden  sleepers,  stretching  across 
each  line  of  road,  were  used  to  lay  the  rails  upon.  The 
stability  of  the  road,  therefore,  depends  solely  upon  the 
tenacity  of  the  materials,  supported  by  the  buoyancy  of 
the  moss.  When  we  consider,  however,  the  area  of 
base  thus  firmly  united  and  bound  together,  and  the 
support  which  even  so  spongy  a  substance  as  the  moss 
must  give  to  so  extensive  a  platform ;  it  is  natural  to 
suppose,  that  the  impression  made  upon  so  great  an 
area,  by  the  pressure  of  so  inconsiderable  a  proportion  of 
the  whole  weight  as  that  of  a  train  of  carriages,  must  be 
slight  indeed  ;  and  we  find,  that,  since  the  opening  of 
the  railway,  the  passage  of  the  traffic  over  the  moss 
proves  that  the  road  is  exceedingly  stable.  It  may  be 
necessary  to  remark,  that  the  surface  of  the  moss  is 
higher  than  that  of  the  country  bordering  its  edge. 

JFigs.  13  and  14,  Plate  F.,  shew  this  mode  of  forming 
a  railway  over  a  moss ;  a  a  are  the  hurdles,  or  wickered 
foundation,  wliich  may  either  be  single^  or  two  or  three 
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layers,  according  to  the  tenacity  of  the  moss ;  bb  is  the 
coating  of  sand  or  gravel,  resting  upon  the  wicker  work, 
small  branches  of  trees,  brushwood,  or  furze,  being  laid 
down  upon  the  hurdles ;  upon  this  gravel,  either  longi- 
tudinal sleepers,  cc,  are  laid  down,  with  transverse 
sleepers,  ddd,  laid  upon  them,  or  transverse  sleepers, 
witliout  the  longitudinal  ones,  according  as  the  moss 
may  require. 

The  longitudinal  sills,  ee,  are  then  laid  along  the 
transverse  sleepers,  upon  which  the  chairs  and  rails  are 
laid  down  in  the  usual  way.  A  moss  has  been  passed, 
in  the  manner  shewn  in  the  above  figures  upon  the 
Gamkirk  railway,  near  Glasgow,  by  Messrs.  Grainger 
and  Miller. 

The  drainage  is  effected  in  the  same  manner  as  shewn 
in  Fig.  4,  side  drains,  cd^cd,  being  cut,  to  consolidate 
the  surface  of  the  moss,  and  carry  off  the  water  £rom 
the  surrounding  country ;  and  centre  and  cross  drains, 
^  h  ^fj  to  effect  the  drainage  of  the  road,  or,  Fig.  14, 
shews  one  half  of  the  centre  drain. 

§  18. — Construction  qf  Passing  Places ^  and  Turn 

Tables. 

Having  thus  given  a  description  of  the  vsuipi^  n^odes 
of  cutting,  embanking,  and  forming  the  superstruQture 
qS  railways,  and  of  laying  down  the  rails ;  we  shall  .opw 
proceed  to  give  an  outline,  and  shew  the  variqo^ T^odjes 
of  laying  down  single  and  double  lines  of,,n^l^.,,iyfj[;b 
the  different  kinds  of  crossings,  and  rails  yef^^^  fox 
cairiages  passing  each  other,  or  from  o^e|,li^.|to 
another*  =/:,,. 

In  almost  all  the  private  lines  of  railwf^y  ia.thepejlghr 
bcmrhood  (^j!^ewcastle-upon-Tyne,  ^nd  other  disliqcts 
(^  Great  Britain,  one  main  line  of  road  i^  laid  t)ie. whole 
distance  ;  with  short  lengths  of  double  road  i^  certain 
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intervals,  and  proper  passings  between  them,  for  the 
carriages  going  in  one  direction,  to  pass  the  others  re^ 
turning  in  the  opposite  direction. 

In  public  lines,  and  for  general  trafBc,  especially 
where  slow  and  quick  travelling  trains  are  to  work,  it 
is  almost  necessary  to  have  double  lines  of  road  laid  the 
whole  distance.  Quadruple  lines,  being  so  extremely 
expensive,  will  only  be  resorted  to  in  extraordinary 
cases,  or  near  the  termination  of  extensive  lines  of 
railway. 

The  same  description  of  passing  places,  will  suffice  for 
a  quadruple,  as  for  a  double  line  of  railway  ;  we  shall^ 
therefore,  divide  the  subject  into  two  kinds : — double 
hnes  of  railway,  with  the  kinds  of  crossings  required  for 
them ; — and  single  lines,  with  their  crossings. 

Pig.  25,  PUUe  III.,  represents  a  double  railway,  with 
crossings,  from  one  line  to  the  other,  for  the  carriages 
to  pass  each  other,  or  for  a  quick  train  to  pass  one 
moving  at  a  slower  rate,  a  a'  is  one  line,  along  which 
the  carriages  travel  in  the  direction  shewn  by  the  darts, 
or  from  a  to  a'  ;  b  b'  being  the  other  line,  whereon 
the  carriages  travel  in  the  opposite  direction,  or  from 
B'  to  B,  those  two  lines  are  supposed  to  extend  the 
whole  length  of  the  railway.  When  the  goods  to  be 
conveyed,  are  to  travel  at  the  same,  or  nearly  at  the 
same,  rates  of  speed,  perhaps  few,  if  any,  passings  will 
be  required  from  one  road  to  the  other ;  but,  when  it  is 
intended  for  the  conveyance  of  passengers  also,  or  for 
the  transit  of  light  goods,  at  a  swifter  pace  than  that 
which  it  is  deemed  advisable  to  convey  heavy  goods ; 
then  it  will  be  necessary  to  have  certain  passings,  so 
that  the  carriages  moving  slow,  can  cross  to  the  othei 
road,  and  allow  those  moving  fester  to  pass  them,  when 
the  former  can  again  pass  upon  the  same  road  again, 
and  so  proceed. 
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It  may,  however,  be  remarked,  that,  wherever  it  can 
be  done,  it  is  very  advisable  to  have  as  few  passing  places 
as  possible;  as  there  does  exist,  upon  the  best  con- 
structed crossings,  a  certain  degree  of  danger  to  trains 
passing  rapidly  along,  from  a  possibility  of  neglect  on 
the  part  of  the  attendants,  and  of  the  rails  getting  out 
of  order. 

Thus,  suppose  a  train  of  heavy  goods  travelling  along 
the  road  a  towards  a',  and  another  train  of  light  goods^ 
or  passengers,  coming  in  the  same  direction  ;  the  heavy 
ti*ain  can  then  pass  along  the  crossing  a  6,  into  the  road, 
B  B%  until  the  lighter  train  has  passed,  when  it  can  again 
resume  its  former  line,  by  proceeding  along  the  cross- 
ing, c  d.  In  like  manner,  a  light  train  of  carriages,  pro- 
ceeding along  the  line  b'  b,  encounters  a  heavy  train, 
travelling  in  the  same  direction ;  by  the  proper  signal, 
the  heavy  train  proceeds  along  fe  into  the  line,  a'  a, 
until  the  other  train  passes,  when  it  again  gets  into  its 
former  track,  by  passing  along  dc.  In  this  manner, 
when  the  road  is  pretty  straight,  (which,  in  public  lines, 
should  always  be  the  case,)  and  upon  very  long  lines, 
the  can'iages  may  never  be  interrupted  by  each  other ; 
as,  if  engines  are  used,  the  weights  they  take  being  larg^ 
there  will  not  be  a  great  number  upon  the  road  at  once, 
and  the  heavy  trains  making  a  point  of  giving  way  to 
those  proceeding  at  a  swifter  rate,  those  trav^ipg 
with  passengers  and  light  goods,  may  be  very .  little 
interrupted.  n     • 

Fig9^  26,  27>  and  £8,  Plate  IIL^  shew  siQgle:;line% 
with  different  kinds  of  crossing  places,  for  th^  eamages 
to  pass  each  other.  In  Fig*  26,  a  a'  is  the!  sdain  \v^ 
extended  the  whole  distance,  along  which  the  camagei 
travel,  in  both  directions ;  b  b'  is  a  siding  ot  i^assing 
plac^  for  the  carriages,  going  in  opposite  direoti<M)% 
to  pass  each  other ;  this  kind  of  siding  i$:used  wh&a  the 
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goods  are  all  conveyed  in  one  direction,  where  the  dis- 
tances are  short,  the  motion  slow,  and  where,  perhaps, 
the  necessity  for  the  carriages  passing  each  other  is  not 
very  frequent.  In  this  kind  of  railway,  the  carriages 
will  always  continue  along  the  main  line  of  road,  a  a'', 
unless  diverted  into  the  passing  place,  b^  b,  by  a  move« 
able  rail,  or  switch,  which  will  be  hereafter  described, 
the  attendant  having  to  put  it  into  the  proper  position 
whenever  the  carriages  are  required  to  pass  into  the 
line  B  b'.  Thus,  if  a  train  of  carriages,  coming  along  the 
main  line,  in  the  direction  a  a',  is  likely  to  meet  another 
train  coming  in  the  opposite  direction,  then  the  atten- 
dant puts  the  moveable  rail  into  the  proper  position ; 
the  empty  train  proceeds  along  a'  b',  and  the  carriages 
pass  each  other,  when  the  empty  carriages  resume  the 
main  line  again,  by  passing  through  b  a. 

This  form  of  siding  is  much,  or,  indeed,  almost  in- 
variably, used  in  all  the  railways,  where  the  goods  are 
to  be  conveyed  in  one  direction  only,  the  empty  car- 
riages being  the  returning  load ;  such  as  the  conveyance 
of  coals,  from  the  coalpits  to  the  shipping  places. 

In  this  case,  the  loaded  carriages  always  keep  the 
main  luie  uninterruptedly,  the  empty  carriages  passing 
into  the  sidmg^;  the  moveable  rail  being  placed  on  that 
end  *of  the  crossing,  towards  which  the  empty  carriages 
are  proceeding,  or  at  a^ 

This  arrangement  is,  however,  very  inconvenient, 
requiring  the  constant  precaution  of  the  attendant 
to  put  tb^  switches  in  their  proper  places,  whenever 
the  carriages  are  to  pass  each  other.  It  is  true,  the 
loaded  -carriages  passing  on  the  main  line  are  not  inter-* 
raptedy  thd  projecting  ledge  of  the  wheels,  always  dis^ 
placing  the  switches  from  their  position  in  contact  with 
the  rail,  into  that  which  allows  of  the  free  passage  of 
die  carriages,  without  interruption .     Fig.  9ri^  Plate II L; 
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shews  a  mode  of  obviating  the  inconveniences  of  the 
moveable  rail,  by  a  particular  form  of  laying  the  road  ; 
by  which  the  carriages  are  enabled  to  pass  each  other, 
wj^out  the  danger  of  meeting,  and  where  no  moveable 
rail  or  switch  is  required.  In  this  plan  of  passing, 
A  a'  represents  the  main  line,  with  the  carriages  pro- 
ceeding in  the  direction  of  the  darts,  and  b'b  the 
line,  along  which  the  carriages  pass  in  the  opposite 
direction. 

The  carriages  having  always  a  tendency  to  continue 
moving  in  a  straight  line,  will,  in  passing  along  from  a 
towards  a',  keep  the  road  a  a',  there  being  no  switch  to 
divert  them  into  the  road  a  b  ;  and,  in  like  manner, 
the  carnages  proceeding  in  the  opposite  direction,  b'  b, 
will  keep  that  road,  there  being  on  that  fine  no  switch 
to  divert  the  carriages  along  b'  k  ;  the  two  trains  will 
thus  proceed  into  the  different  lines  a^  and  B,  and, 
passing  each  other,  will  join  the  main  line  again, 
the  former  by  the  road  a'b',  and  the  latter  by  the 
road  B  A. 

This  form  of  passing,  will  be  veiy  nseful  apbflt  lilies, 
where  any  neglect  of  placing  moveable  switcHes  hi  the 
proper  place,  might  occasion  many  inconvetiiemiM ;  ttnd 
it  is,  therefore,  much  used  for  imdergrotMd  lidhlftys, 
where  the  passing  places  are  very^  freqiitsn^ '  itdiHf %|iere 
the  expense  of  keeping  attendants  at  df'ifiA^  pinifiqg 
places,  would  be  very  great  *'-  't  '''  ' 

This  form  of  crossing,  though  obtiiftifl^  ihe^'^GMr  cif 
switches,  is  objectionable,  from  lite  cuir^es;  or  bfeddii;  in 
the  line  at  each  passing  places  and  wiiEdi  Ife  ibtAA 
carriages  must  necessarily  make,  wliedier  dimr  be' atiy 
carriages  to  pass  or  not  Upon  some  of  dto  fnn^ 
lines,  and  upon  the  KiUingworth  railwvf  iii  "pirinihr, 
switches  of  a  particular  description  are  used»  bv  wh^ 
the  main  line  of  way  is  not  obliged  to  be  di vefged»  as  in 
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the  last  mode,  and  by  which  the  loaded  carriages 
always  traverse  the  main  line,  and  the  empty  carriages 
are  also  obliged  to  pass  through  the  siding,  when 
necessary. 

This  is  effected  by  a  spring  switch,  applied  at  I9 
Fig.  26,  which,  opening  to  the  wheels  of  the  loaded 
carriages,  and  allowing  them  to  pass  freely  along  ;  acts 
against  the  wheels  of  the  empty  carriages,  and  always 
diverts  them  into  the  passing  place,  a'  b'.  This  form  of 
switch,  which  was  at  first  worked  by  a  weight,  is  now 
worked  by  two  springs,  as  shewn  in  Fig*  3,  Plate  IV. 

Fig.  28,  Plate  III.  shews  another  form  of  passing 
place,  by  which  the  carriages,  passing  in  opposite  direc- 
tions, are  made  to  diverge  equally  on  each  side,  and 
which  is  used  where  the  traffic  is  nearly  equal,  in  botli 
directions ;  a  a  6,  being  the  route  in  one  diiection,  and 
hfcd^  the  route  for  the  carriages  proceeding  in  the 
q>poaite  direction. 

We  shall  now  explain  the  different  forms  of  crossing 
lailsy  employed  to  divert  the  carriages  into  the  various 
paaang  places  previously  described. 

Fig9. 1  and  2,  Plate  IV.  shew  the  point  and  switch 
rails,  and  Fig.  29,  Plate  III.  the  crossing  rail,  almost 
universally  used  on  all  the  private  railways  in  the  north 
of  En^^d }  and  which  are  generally  applied  to  the 
kin^  jof  paasiog  place  or  '^  dding,"  Fig.  26,  Plate  III. 
The  point  rails  a.  Fig.  1,  Plate  IV.  are  placed  at  a, 
FigJ^^J^late  III.  i  and  the  point  rails  b.  Fig.  2, 
PhtBi  tf^i  at  4V  in  the  same  passing  place.  When  tlie 
loi^ed  carriages  pass  from  a  towards  a'.  Fig.  26, 
Ji^lateJIl^.iiiey.  keqi  along  the  straight  rails,  aa^  b  b^ 
then.  JMvig  nothing  to  divert  them  from  that  course^ 
or  titRV'thein  into  that  of  cc\  c&.  Again,  the  empty 
carriagegr  or  those  passing  from  a'  towards  a,  will  con^ 
tinue  floDg  the  rails  dd^  eef^  if  the:  switch  rail,  gg\' 
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remain  as  shewn  in  the  figure;  but,  when  placed  in 
the  position  of  the  dotted  lines,  the  carnages  are 
diverted  along  the  rails,  ggj  ff^  into  the  passing  place, 
B'B.  We  see,  therefore,  that  it  depends  upon  the 
switch  rail  being  in  the  position  shewn  in  the  figure, 
or  as  shewn  by  the  dotted  lines,  whether  the  carriages, 
traversing  the  direction,  a' a,  keep  along  that  line,  or 
are  diverted  into  the  line,  b^  b.  When  this  switch,  or 
point,  is  worked  by  hand,  it  always  remains  qpen  ;  and  it 
only  requires  the  attendant,  to  place  it  in  the  position 
of  the  dotted  lines,  to  divert  the  carriages  into  the 
passing  place ;  or  not  to  mterfere  with  it,  to  altow  the 
carriages  to  keep  the  main  line.  On  the  Killingworth 
railway,  this  switch  was  always  kept  shut,  or  in  the 
position  of  the  dotted  lines,  by  a  weight  acting  upon  it ; 
in  which  case  the  returning  carriages  were  obliged 
always  to  pass  through  the  line  b'b,  the  loaded  car- 
riages, passing  from  a  to  a',  pushing  tiie  switch  <^n. 
In  this  form  of  point  rail,  it  will  be  observed,  that  the 
«nds  of  the  point  rails,  at  o  ^  and  fi  are  some  distance 
from  the  general  line  of  the  rails ;  in  quick  travelling, 
this  break  in  the  continuity  of  the  rails  causes  a  con- 
siderable jolt,  when  the  carriages  pass  over  them.  To 
obviate  this  defect,  on  the  Killingworth  railway^  I  made 
ihe  point  rails  on  both  sides  to  woi4c  upon  a  joint,  as 
shewn  in  Fig.S^  Plate  IV.  ady  bb\  are  the  xab  of 
the  mkin  line  a  k\  as  in  the  former  figure ;  cd^  c  c\  tihe 
line  of  rails  passing  into  the  siding,  b  b'.  When  these 
switches  are  in  the  position  shewn  in  Figure  S,  the 
wbeels  of  the  carriages  pass  along  the  rails,  a  el  and 
6^,  without  any  break  in  the  continoity  of  the  latk, 
the  same  as  along  a  d^  b  b\  (Mg.  1.  The  carriages 
returning  in  the  opposite  direction,  on  the  main  Une, 
have  likewise  the  same  continiioas  rail  to  tpsw  along. 
In  coming  out  of  the  passing  place,  b'  b,  the  barriag6s 
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travel  along  iJie  rails,  d  c^  d  c  ;  the  whedLs  of  the  car- 
riagest  in  this  case,  open  the  point  raj^l  /^,  and  shut  the 
point  c,  which  thus  present  an  uninterrupted  and  con- 
tinuous bearing  to  the  wheels.  The  same  effect  is 
accomplished  at  the  other  end,  a',  of  the  passing  place, 
by  similar  point  rails  reversed,  the  point  rail  at  1,  being 
always  shut,  and  that  at  2,  constantly  open  ;  the  rail  at 
1,  thus  diverting  the  carriages,  passing  in  the  direction 
A^  A,  into  the  passmg  place,  and  being  opened  by  the 
wheels  of  the  carriages,  passing  in  the  other  direction, 
from  A  towards  a'. 

The  same  kind  of  points,  either  .common,  as  in 
Fig.  1,  or  moveable,  with  springs,  as  in  Fig.  d,  is 
required  at  the  ends  a  and  3'  of  Uie  passing  place. 
Fig.  S7 ;  the  points  at  1  and  4  being  always  open,  and 
the  points  at  3  and  S  always  shut,  against  the  rail. 

Fig.  S8,  is  a  plan  of  passing  place,  where  a  single  line 
of  public  raHway  is  used;  and  which  .may  be  worked 
wkhout  manual  labour ;  and  .this  kipd  of  passing  place, 
having  been  in  use,  for  some  time,  upon  the  Newcastle 
and  Carlisle  railway,  we  .can  speak  with  some  coi;i£dence, 
to  its  answering  the  purpose,  better  than  any  other  kind 
of  passing  place  we  have  yet  seen.  In  this,  the  spring 
points,  shewn  in  F^.  d,  Piate.  IV.  are  used ;  at  1  and  4, 
Fig.  28,  Plate  III.  the  point  rails  always  r^pfiain  open^ 
and  at  3  and  S,  always  shut ;  the  wheels  of  the  car- 
riages  being  deviated,  by  the/closed  point,  at  !2,  into  the 
passil^  place,  a  6,  and,  on  joining  the  single  Une  again, 
the  wh^ls  open  the  point  3,  at  the  same  time  closing, 
and  passing  along  4,  into  the  single  line.  The  wheels 
of  the  carriages,  travellmg  in  the  opposite  direction^ 
meeting  with  the  closed  point,  3,  .they  pass  into  cd; 
op^ng  the  point  2,  and  closing  1,  in  passing  into  the 
•ingle  *line  at  a.  Figs.  5  and  6,  Plate  IV.  shew  the 
iipring>for  working  these  switches,  or  points  ;  c/.  Pig.  5, 
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represents  the  rails^  a  a'.  Fig.  3/  J,  the  moveable  rail, 
h  b\  and  rf,  a  stud,  to  prevent  the  point  from  moving 
too  far  outwards.  A  spiral  spring  is  enclosed  within  a 
small  cast-iron  tube,  or  cylinder,  with  a  gland,  gy  at  one 
end,  which  can  be  taken  off  at  pleasure ;  a  stud,  e,  is 
&stened  to  the  moveable  rail,  c,  and  is  projected  down- 
wards, through  a  longitudinal  hole,  into  the  box,  shewn 
at  A  B,  Fig.  3,  and  is  thus  capable  of  moving  back  and 
forwards,  from  the  rail,  towards  d.  A  cap,  or  plate  of 
iron,  shewn  at  fy  nearly  fills  the  inside  of  the  box,  and 
a  bolt  proceeds  from  this  cap  within  the  spring,  and  is 
screwed  to  the  stud,  e,  upon  the  rail. 

The  action  of  the  spring,  retained  at  one  end  by  a 
circular  ring,  cast  upon  the  box,  shewn  at  A,  Fig.  5,  and 
acting  against  the  cap,^  at  the  other  end,  is  communir 
cated,  through  the  bolt,  to  the  moveable  rail,  i,  and  keeps 
it  firmly  against  the  rail,  a  ;  and,  when  the  rail  is  moved 
outwards,  towards  rf,  the  spring  acts  powerfully  in 
moving  it  back  to  its  original  position.  When  the  spring 
slackens,  by  taking  off  the  gland,  and  screwing  tlie  bolt, 
and  cap,^  against  the  spring,  it  is  tightened. 

Fig.  6,  though  of  a  precisely  similar  principle,  acts  a 
little  differently.  In  this  case  the  moveable  rail  is  re- 
quired to  be  constantly  open,  or  against  d ;  the  spring, 
therefore,  acts  against  the  stud,  e^  at  one  end«  and  the 
gland,  ^,  at  the  other,  and,  consequently,  constantly  keeps 
the  rail,  c,  against  dy  and  when  it  is  pushed  towards  a, 
by  the  wheels  of  the  carriages,  the  spring  immediately 
acts,  to  push  it  back  to  d.  This  spring  is  tightened  by 
merely  screwing  the  gland,  g.  Both  these  iron  cylinders, 
with  the  springs,  are  ^stened  down  to  the  blocks  by 
pins,  in  the  usual  way^  as  shewn  in  the  drawings. 

This  description  of  point  raits,  acting  in  this  manner, 
will  not,  however,  do  for  the  double  line.  Fig.  25.  As 
in  this  case,  the  carriages  are  only  to  be  deviated  accor 
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sianaUy  into  the  passing  places  ;  the  point  rails  must, 
therefore,  be  worked  by  hand,  the  mode  of  doing  which 
will  be  described  hereaifler. 

Fig.  4,  Plate  IV.  is  a  plan  of  point  rail  adopted  by 
Mr.  Stephenson,  on  the  Liverpool  and  Manchester  rail- 
way. About  nine  feet  of  the  rails,  on  each  side  of  the 
^it.way,  are  made  to  move  upon  a  cast-iron  framing, 
««^feh  is  placed  upon  the  blocks  by  the  chairs,  1111 
attd  2  2  2  2;  the  two  ends,  a  c,  of  the  rails,  constituting 
the  single  way,  rest  upon  the  cast-iron  frame  at  one 
end ;  and  the  four  ends,  b  b\  d  cT,  of  the  rails  forming 
the  main  line,  and  the  rails  leading  into  the  passing 
place,  at  the  other  end  of  the  cast-iron  frame. 

These  loose  rails,  which  are  united  by  a  rod,  e,  work 
upon  a  joint  at  one  end,  as  shewn  in  Fig.  4,  and  move 
back  and  forwards,  to  join  either  of  the  ends  of  the 
rails,  bds  or  b^d\  at  the  other  end ;  the  rails,  abjcd, 
forming  the  main  line  of  way  a  a%  Fig*  25,  Plate  III. ; 
and  the  rails,  aft',  od.  Fig.  3,  forming  the  line  of  way, 
a  i.  Fig.  25,  leading  into  the  other  line,  b  b\  When, 
therefore,  these  moveable  rails  are  in  the  position  shewn 
in  Fig.  4,  the  carnages  must  necessarily  travel  into  the 
passing  place ;  and  when  put  into  the  position  shewn 
by  the  dotted  lines,  they  continue  along  the  main  line 
of  railway.  The  same  kind  of  moveable  rail  will  be 
required  at  the  several  points  by  c,  dj  e^  and  f.  This 
kind  of  sliding  rail  is  much  used  in  the  dep6ts,  and  at 
the  tennini  of  railways; 

Fig.  31,  is  another  kind  of  sliding  rail,  lately  used 
upon  the  Liverpool  and  Manchester  railway.  The  rails 
of  this  are  thb  same  as  in  the  common  points.  Fig.  1, 
Plate  IV*  but  are  placed  upon  a  cast-iron  frame  ;  two 
short  lengths  of  rails,  ef^  ^f^  moveable  on  a  joint  at  the 
ends,  e  d^  likewise  work  back  and  forwards  upon  this 
frame,  and  are  &stened  together  by  a  bar  of  iron,  g. 
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When  these  moveable  raUs  are  placed  in  the  position 
shewn  in  the  figure,  the  carriages  must  necessarily  pass 
along  the  rails,  o,  J,  c,  d  ;  and  if  placed  in  the  position 
shewn  by  the  dotted  lines^  they  must  then  travel  along 
the  rails  a  6',  c  d*. 

We    have    stated*    that    the    tWo    moveable   rails, 
a  c,  Pig.  4,  Plate  IV.,  are  worked  back  and  forwards 
by  hand ;  this  is  accomplished  in  the  following  manner^ 
A  hollow  cast-iron  stand,  s  ^j  If^Si  4  and  "J^*  is  set  upright 
upon  a  large  stone  block,  g-,  which  is  firmly  fixed  in  the 
ground ;  the  stand  being  fastened  upon  the  Uock  by 
pins^  driven  through  the  holes,  3  3  3  3,  a  vertical  spindle 
or  shaft,  n^  works  in  a  socket  at  the  lower  end,  and 
within  the  cap,  h  h\  at  the  othen     Upon  this  spindle, 
near  the  bottom,  a  horizontal  sheave,  r,  is  fixed  on  a 
false   centre,   with   an  iron   ring  working  round   its 
periphery,   and  forming  what  is    called  an   eccentric 
motion ;  a  hahdle,  i,  is  fixed  to  the  top  of  the  spindle,  by 
which  it  is  turned  round  ;  and  a  rod,  J^  proceeds  from 
the  ring,  which  works  round  the  eccentric  sheave^  abd 
is  fastened  to  the  rail,  c  cf ,  and  by  the  rod,  e,  to  the 
sliding  rail,  n  V.  When,  therefore,  the  eccentric  sheave,  r, 
is  in-  the  position  shewn  ini^Vg-,  4,  the  rails,  c  d  and  a  V, 
are  drawn  into  the  position  shewh  in  the  figure ;  and 
when  the  handle  is  turned,  and  the  eccentric  sheave  is 
in  the  jposition  shewn  by  the  dotted  lin^,  the  rails  are 
put  into  the  position,  abjCd.    The  ^indle  and  eccen- 
tric being  enclosed  by  the  cast-iron  Btand,  nothing  but 
the  handle  is  exposed,  and  this  works  on  a  joint  at  h' ; 
when  not  used,  it  is  bent  down  into  the  position  shewn 
by  the  dotted  lines,  and  may  be  secured  by  a  lock  at  k. 
The  same  plan  of  eccentric  motion  is  ap{dicafale»  and 
is  used  for  moving  the  sUding  points,  W,  aiy  in  !%•  3, 
Plate  IV.j  or  fi^r  working  the  sliding  rails,  ef^  tffy 
Fig.  31,  Plate  III. 
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Having  explained  thei  mode  of  passing  the  carriages 
from  one  line  to  aKOther*  we  have  now  to  explain  the 
plan  adopted  where  the  one  rail  crosses  the  other,  as  at 
jf  y,  &c..  Figs.  35,  26,  and  27,  Pfate  III.     Fig.  29, 
Plate  JJI.f  shews  the  common  plan  of  doing  this^  which 
consists  of  the  rails,  a  6,  b'  a\  raised  upon  a  cast-iron 
plate,  with  openings,  at  the  crossing  of  these  rails,  at  c, 
for  the  flanch  of  the  wheels  to  traverse.     Keeping  ip 
mind  that  the  flanch  of  the  carriage  wheels,  traverses  the 
inside  of  the  rails;  suppose  this  rail  applied  to   tbq 
crossing  at  ;i/,  Fig*  26,  the  carriage  wheels,  in  travelling 
frcMH  A  towards  a\  pass  along  the  rails,  acc^^  pf  Fig*  29 ; 
while  in  travelling  from  a'  to  b^  they  pass  along  the 
rails,  Vcb.     The  same  description  of  rail  answei^  for 
the  crossing  at  ^,  except  that  it  is  reversed,  the  end,  b"  d^ 
being    turned    towards  a  \   and    in    all   the  crossings 
marked  ^r',  in  Figs.  25,  26,  27,  and  28,  the  rail  is  laid 
down  as  shewn  in  Figf  29,  and,  where  marked  ^9  re* 
versed,  or  with  the  end,  a'  b^,  towards  a  a.    In  thi$  cross* 
ing  plate,  there  is  a  liability  of  the  wheel  running  off  the 
road,  when  at  the  point,  c  ;  thus  the  flanch  of  the  wheel, 
being  on  the  inside  of  the  rails  at  ^,  Fig,  25,  the  c$ur« 
riages  are  kept  upon  the  rail  by  the  flanch   running 
along  the  inside  of  the  rail,  c  j/,  or  b^  6,  Fig.  29  >  but 
between  the  rail  b'  and  the  point  c,  the  continuity  of 
the  line  of  the  1^  is  broken,  and  there  is  nothing  to 
keep  the  wheel  upon  the  rail ;  the  outer  side  of  the 
iron  plate.  Fig.  29,  ^ewn  by  the  part  shaded  light,  is, 
therefore,  raised  above  the  level  of  the  top  of  the  rails, 
to  pr^ent  the  wheels  from  running  o^.    The  great 
disadvantage  of  this  rail  is,  th^  jolt  to  the  wheels  of 
^e  carnages,  in  passing  from  the  rails  a  and  b\  to  the 
point  c;  the  point  c  wearing  down  so  very  soon,  from  the 
breath  of  bearing  hemgw  very  narrow  pn  that  part  of 
theraiL 
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Tq  obviate  this  oljectioiH^  I, had  a  form  of  crossing 
made  upon  the  Killingworth  railway,  which  was  de- 
scribed io  the  second  ^edition  of  this  work,  and  which 
was  worked  by  a  weight.  This  description  of  crossing 
rail  is  shewn  in  -f%.  SO,  Plate  IIL^  worked  by  a  spring. 
a  a\  and  h  bf^  are  the  two  lines  of  rails,  as  in  Fig.  ^,  but 
reversed ;  and  instead  of  the  two  rails,  d  h\  being  fixed, 
with  a  space  between  them  for  the  flanch  of  the  wheel  to 
pass,  as  in  Fig.  S9  ;  in  this  case,  as  shewn  in  FHg.  SO, 
they  are  two  moveable  rails,  ci  c,  and  h'  dj  and  are  kept 
constantly  pressing  against  the  point,  ir,  by  springs. 

These  rails  are  placed  upon  an  iron  frame,  a  a.  b  b, 
IS  a  cast-iron  cylinder,  or  box,  containing  a  spiral  spring, 
similar  to  those  previously  described  in  Plate  IV.,  and 
shewn  on  a  large  scale  in  Fig.  S2,  Plate  III.  The 
sliding  rails,  afcj  h'  d,  are  connected  with  the  spring,  by 
studs,  $  Sj  Fig.  SS,  passing  through  an  oblong  hole  on 
the  top  of  the  pipe,  ef.  Fig.  SO ;  which  allows  the  rails 
to  move  outwards,  and  which  prevents  the  dirt  from 
falling  into  the  box.  This  hole  is  covered  by  a  piece  of 
tin  plate,  sliding  over  the  top  of  it ;  I)  rf,  a'  c\  Fig.  S2, 
shew  portions  of  the  rails,  x  being  the  point  rail ;  b  b 
are  the  glands  filling  the  cylinder,  and  capable  of  being 
screwed  inwards,  against  the  springs.  It  will  be  seen 
by  this  drawing,  that  the  springs,  abutting  against  the 
glands  at  both  ends,  are  continually  acting  upon  the 
rails  b'  d,  cl  c,  to  press  them  against  the  middle  rail  x ; 
and,  when  necessary,  the  gkinds  are  screwed  up  to 
tighten  the  springs,  and  cause  them  to  act  with  the 
required  force  against  the  middle,  or  point  rail,  x. 

When  the  carriages  traverse  this  crossing,  the  wheels 
have  a  contiuuous  rail  ta  travel  upon,  and,  therefor^ 
the  jolt  occasioned  by  the  break  in  the  rail  at  c.  Fig.  S9» 
is  obviated,  and,  likewise,  the  liability  of  the  wheels 
running  off  the  rails  j  there  is,  therefore,  no  necessity 
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for  the  raised  ledge  on  the  outside  of  the  rail.  Thus, 
when  the  wheel  traverses  the  rail  a  a  towards  c^,  the 
whole  weight  of  the  carriage  is  upon  that  rail,  and' 
the  rail  l/d  is  at  liberty  to  move  outwards,  which  i^ 
done  by  the  flanch  of  the  wheel  pushing  against  the 
end  <^/  the  same  takes  place  with  the  rail  a' c,  when 
the  wheel  travels  on  the  rail  b  b\  Suppose,  likewise, 
the  carriages  going  in  the  opposite  direction,  or  from 
6^  to  i,  in  this  case  the  weight  of  the  carriages  is- upon* 
the  rail  b'  cf,  while  the  opposite  one,  a^  c,  is  quite  at 
liberty ;  the  latter  is,  therefore,  pushed  out,  and  the 
wheel  proceeds  on  the  straight  line  b^b  ;  there  is,  con- 
sequently, no  risk  of  the  wheel  traversing  the  wrong 
direction.  As  a  further  preventative,  however,  and  to 
avert  the  least  possibility  of  such  an  occurrence,  a  rail 
is  sometimes  laid  parallel  to,  and  on  the  inner  side  of 
the  main  line  of  rails,  immediately  opposite  to  the 
crossing  rail,  as  shewn  at  5,  6,  Fig.  26.  This  rail,  being 
laid  only  of  such  a  distance  from  the  m£un  rails,  as 
to  allow  the  iianch  of  the  wheels  to  pass  ;  effectually 
prevents  the  least  possibility  of  the  wheels  taking  the 
wrong  direction,  in  passing  over  the  crossing  rail. 
Fig.  30. 

The  description  of  passings,  from  one  line  of  railway 
to  another,  thus  described,  runs  obfiquely  across  the  ' 
line  of  rails  ;  at  such  an  angle,  as  not  to  produce  axiy 
considerable  shock  to  the  carriages  in  passing,  or  to 
throw  the  wheels  from  off  the  rails,  or  twist  the  frame- 
work of  the  carriages.  The  angle  should,  in  some 
degree,  depend  upon  the  rate  of  speed  it  is  intended  to 
pass  along.  Upon  the  private  colliery  railways,  where 
the  rate  of  speed  is  not  more  than  eight  miles  an  hour, 
the  angle  is  generally  between  6^  and  7^ ;  but  upon 
public  lines  of  railway,  where  the  speed  is  great,  a  less  ' 
angle  than  S^,  or  2^^,  should  not  be  adopted. 
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In  Fig.  26,  the  length  required  from  the  point  rail, 
S,  to  the  crossing  rail  at  x^  is  fifteen  yards  in  the  former 
case,  and  forty*two  yards  in  the  latter  ;  and  this  will  be 
the  same  in  all  the  otlier  crossings,  in  Figs.  25,  26,  and 
27-  In  Fig^  28,  the  same  angle  will  only  require  half 
the  length  ;  or,  when  the  length  is  the  same,  the  angle 
will  only  be  half  that  in  the  other  figures.  At  the 
depdts,  or  termini  of  railways,  where  many  lines  are 
required,  and  where  the  ground  is  generally  valuable^ 
and  the  ^ace  limited,  these  kinds  of  crossings  would 
be  very  inconvenient,  or,  indeed,  quite  inapplicable ; 
and,  therefore,  an  entirely  different  description  is 
necessary. 

.  Let  1 1\  2  2',  and  3  3',  Fig.  8,  Plate  IV.,  be  different 
lines  of  railway  \  on  each  of  these  lines,  as  shewn  in 
the  figure,  circular  turn-tables  are  placed,  upon  which 
the  carriages  are  run ;  and  these  turn-tables,  turning 
round  with  great  &cility,  the  carriages  can  be  run  upon 
any  other  line  of  railway,  either  at  right  angles,  or  at 
any  other  angle,  with  the  line  o(  railway  from  that 
on  which  they  are  traversing. 

Figs.  9)  10,  11,  and  12,  shew  the  most  improved 
turn-table,  or  plate,  used  at  the  termini  of  railways. 
This  consists  of  a  circular  table,  turning  round  upon 
rollers }  rails  being  laid  upon  this  table,  of  the  same 
width  as  those  of  the  road,  it  is  turned  so  that  the 
pnds  of  the  rails  upon  the  table,  are  placed  opposite 
the  ends  of  the  rails  of  die  road,  into  which  the  carriages 
are  to  be  conveyed.  Thus,  suppose  a  carriage  on  the 
)ine  2  2^ ;  it  is  run  upon  the  table  in  the  direction,  5  6 ; 
the  table  is  then  turned  round,  with  the  carriage  upoo 
it,  until  the  carriage  is  standing  in  the  direction  5'&p 
when  it  may  be  run  into  the  line  10  !(/ ;  or  ii,  when 
it  is  upon  the  next  table,  and  in  the  direction  8  8',  it  is 
turned  round  into  iti^  direction  0  9\  it  may  tben  be 
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run  back  into  the  line  S'S,  or  into  the  same  line  on  the 
other  side  of  the  turn-table.  The  table  on  the  line 
ll'i  is  shewn  turned  into  the  proper  position,  for  running 
the  carriage  into  the  oblique  lines,  4  or  4^ 

These  tables  are  thus  constructed: — Suppose  oo. 
Figs*  10  and  11>  to  be  the  surfiice  of  the  ground 
whereon  the  rails  of  the  railway  are  laid,  a  circular 
hcde  is  dug  out,  of  sufficient  depth  to  receive  the 
taUe ;  around  this,  large  stone  blocks,  a  a,  similar  to 
the  railway  blocks,  are  placed ;  upon  these  blocks,  eight 
cast-iron  chairs,  represented  atbbb^  &c.,  Fig^  9f  are 
placed,  and  pinned  down  ;  a  circular  ring  of  cast  iron, 
c  c,  is  laid  within  these  chairs,  about  two  inches  and 
a  half  broad  at  top,  and  a  little  bevelled ;  this  ring  is 
laid  perfectly  horizontal,  and  upon  it  the  small  beveUed 
rolleiB,  gggf  &c.  revolve ;  the  arms,  1,  %  3,  4s  acting  as 
axles  to  them,  and  around  the  ends  of  which  they  turn 
freely.  These  arms  pass  through  a  ring  of  iron  near 
the  extremity,  which  keeps  the  rollers  constantly  in 
their  proper  position ;  the  arms  are  fastened  in  the 
centre  to  a  ring  of  iron,  fi  which  turns  freely  round 
the  spindle, y^.  Fig.  1 1.  The  turn-table  rests  upon  these 
rollers,  which  are  for  the  purpose  of  causing  it  to  turn 
round,  as  freely  as  possible.  Fig.  12,  shews  the  frame- 
work of  the  table  \  hhh^  &c.  are  the  outer  rim  ;  i  i  »,  the 
arms  ;  and  m  m,  the  inner  rim,  which  is  of  the  same 
diameter  as  the  ring  of  iron,  ccc^  and  which  rests  on, 
and  turns  round  upon,  the  periphery  of  the  rollers,  g-g-g*. 
The  table  is  kept  in  its  place  by  the  vertical  spindle, 
fj  fixed  upon  the  table  at  e,  and  turning  with  it  upon 
the  rest,  e'. 

The  table,  it  will,  therefore,  be  seen,  turns  round  this 
rest  as  a  centre,  and,  revolving  upon  the  periphery  of 
the  rollers,  it  moves  round  with  very  little  friction.  It 
is  not  intended  that  the  spindle,  /,  should  support  any 
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part  of  the  weight  of  the  table,  the  use  of  it  being 
solely  to  prevent  any  side  motion.  The  outer  ring,  A, 
of  the  table,  projects  above  the  level  of  the  arms,  t  e,  and 
the  inner  part  of  the  ring,  A'  h\  Within  this  outer  ring, 
a  platform  of  timber  is  laid,  resting  upon,  and  fastened 
to  the  amis,  k  k,  the  bolt  holes  being  shewn  in  the 
figure;  upon  this  platform  the  rails  of  the  road  are 
placed,  nn.  Fig.  11,  shews  the  timber,  the  upper  side 
of  which  is  level  with  the  top  of  the  outer  ring,  h  h. 
A  circular  ring,  o  o,  of  cast  iron,  or  of  mason  work,  is 
laid  around  the  outer  circle  of  the  table,  upon  which 
the  rails  rest ;  and  which  abut  against  the  ends  of  the 
rails,  laid  upon  the  turn-table. 

We  have  said  that  the  top  of  the  turn-table  is  covered 
with  timber,  on  which  the  rails  forming  the  railway  is 
laid ;  in  many  cases  the  top  is  formed  of  cast-iron,  the 
ndk  being  rsdsed  a  little  above  the  surface  of  the  cast- 
iron!  i^te. 
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CHAPTER  V. 

CONSTRUCTION  OF  CARRIAGES  ADAPTED  TO 

RAILROADS. 

§  1. — Coal  Waggons,  and  Wooden  Wheels. 

It  is  very  obvious,  that  the  form  of  carriages  for  rail, 
roads,  will  depend,  in  a  great  measure,  upon  the  nature 
of  the  goods  to  be  conveyed  in  tliem  ;  different  kinds 
of  goods,  and  various  species  of  traffic,  requiring  dif- 
ferent descriptions  of  carriages.  There  are,  however, 
some  parts  of  the  carriages  common  to  all  the  varieties, 
viz.  the  wheels,  the  axles,  and  the  bearings,  in  which 
the  axles  run.  We  shall,  therefore,  at  first,  describe  the 
different  forms  of  wheels,  and  axles,  or  other  parts, 
which,  the  nature  of  the  road  requires,  should  be  always 
of  the  same  form  and  construction ;  and  tlien  give 
drawings,  of  some  of  the  different  kinds  of  carriages 
used  on  railroads. 

The  body  of  the  carriages,  or,  as  they  were  termed, 
"  waggons,"  used  at  the  first  introduction  of  railways, 
was,  (and  still  remains,  where  employed  in  conveying 
coals,)  in  the  form  of  the  frustum  of  a  pyramid,  or  in 
the  shape  of  a  hopper,  being  much  broader  and  longer 
at  the  top,  than  at  the  bottom.  The  railroads,  almost 
universally,  descending  towards  the  dep6t,  the  fore- 
wheels  were  made  of  greater  diameter  than  the  hind- 
wheels,  according  to  the  angle  of  the  road,  the  object 
being,  to  keep  the  framing,  or  body  of  the  waggon,  in  a 
horizontal  position.  The  end  of  the  waggon,  resting  on 
the  large  wheels,  was  also  made  to  project  considerably 
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farther,  beyond  the  perpendicular  line  of  the  axles  of  the 
front,  than  the  hind-wheels ;  so  that  the  centre  of  gravity 
of  the  load  was  not  midway  between  the  wheels,  but 
much  nearer  the  large  wheels  than  the  smaller,  and, 
consequently,  a  greater  weight  was  laid  upon  them,  than 
upon  the  latter.  This  fprm  of  the  waggon  has  gradually 
given  way  to  wheels  of  the  same  size,  and  the  body  of 
the  carriage  is  square,  and  placed  equally  upon  the  two 
axles,  as  shewn  in  Figs.  1,  2,  and  3,  Plaie  VII. 

The  wheels  were,  for  a  long  period,  made  of  wood, 
composed  of  one  entire  piece,  or  of  two  or  three  pieces, 
fastened  together.  The  mode  of  making  the  latter, 
was,  by  joining  the  pieces  together  by  wooden  pins,  and 
securing  them  by  flat  slips  of  iron,  in  the  shape  of  an  ^  «, 
nailed  upon  the  line  of  the  joining.  The  periphery  of 
the  wlieels  was  hewn  into  the  proper  shape,  by  the 
workmen,  with  a  projection  on  one  side,  to  keep  them 
upon  the  raih  The  axles  were  made  of  wrought  iron, 
and  fixed  firmly  into  the  centre  of  the  wheels,  and, 
consequently,  turned  upon  the  bearing  with  the  wheels. 
From  the  very  probable  inaccuracy  of  the  workmanship, 
it  is  not  likely  the  periphery  of  the  wheels  would 
be  perfectly  circular,  which  would  cause  considerable 
jolting,  or  an  undulatory  motion,  to  the  load,  and  thus 
increase  the  draught. 

§  2. — Cast-iron  Wlieels. 

It  seems  uncertain  at  what  precise  period  cast-iron 
wheels  were  first  introduced.  In  a  Dictionary  of  Arts 
and  Sdences,  published  in  1754,  a  drawing  is  given  of  a 
cast-iron  wheel,  used  upon  carriages  to  convey  stmies 
irom  a  quarry  near  Bath,  said  to  be  **  a  great  -improve- 
ment in  some  carriages  and  waggonways,  made  use  of 
at  ihe  coal-mines,  near  Newcastle ;"  from  whence  we 
inay  suppose,  that  cast-iron  wheels  had  not  been  used 
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at  the  latter  place  at  that  period.  How  long  afler  this 
they  were  adopted,  we  cannot  learn ;  but  in  17^5,  two 
wooden  and  two  cast-iron  wheels  were  mostly  in  use, 
the  wooden  ones  being  retained  for  the  application  of 
the  brake,  or  convoy* 

Great  reluctance  was  shewn,  even  down  to  a  very 
recent  date,  to  relinquish  the  employment  of  wooden 
wheels;  many  objections  ware  urged  i^ainst  cast- 
iron, —  their  liability  to  break,  to  cut  the  rails,  their 
insufficiency  to  present  an  adequate  hold  to  the  brake. 
At  first,  sufficient  attention  does  not  appear  to  have  been 
paid,  to  avoid  the  contraction,  in  cocding  of  cast-iron 
wheels,  and  t^y  frequently  broke  in  pieces.  Increased 
knowlec^  of  the  prc^erties  oE  cast  iron,  and  of  the 
utility  of  that  kind  of  wheel,  soon,  however,  produced 
a  g^iend  acquiescence  in  their  use.  When  cast-iron 
raUs  came  into  use,  the  wooden  wheels  could  no  longer 
be  used,  so  that  the  introduction  of  the  former  would 
accelerate  the  discarding  of  the  latter ;  and,  therefore, 
in  1767^  the  date  of  the  introduction  of  cast-iron  rails, 
we  may  suppose  wooden  wheds  were  little  used. 

ABC,  Fig.  1,  Plate  F/.,  shews  the  form  of  the  cast- 
iron  wheels,  for  an  edge  rail  ;fjl  is  the  nave ;  a  a,  the 
rim  ;  ssni  h  6,  the  i^okes.  The  rim  is  made  sometimes 
nearly,  or  often  quite,  cylindrical,  with  a  projection  at 
one  side,  called  the  fianch,  to  keep  the  wheel  upon 
the  rail ;  c  is  a  square  hole,  i:hrough  the  nave,  for  the 

axle. 

This  is  Hhe  form  which  was  generally  used  for  edge 
thiIb,  for  many  years  after  their  introduction,  the  whole 
being  cast  in  one  piece ;  the  spokes  being  about  half 
an  inch  ^ck,  and  four  inches  broad ;  the  rim,  one  inch 
thick,  and  the  flanch,  one  inch  deep.  For  the  plate 
ndl,  the  spokes  were  tapered  away,  from  the  nave,  to 
about  two  inches  'broad,  forming  a  rim  of  that  breadth. 
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perfectly  cylindrical,  to  run  upon  the  rails ;  or,  in  some 
cases,  the  middle  portion,  between  the  nave  and  rim,  was 
cast  of  one  entire  piece,  with  circular  holes,  to  make  it 
lighter. 

A  very  formidable  objection  to  the  use  of  iron 
wheels,  was,  that  the  rails,  especially  when  their  sur&ces 
were  narrow,  tended  to  form,  or  wear  an  indented 
groove  around  their  rims ;  which  groove,  when  of  mode- 
rate depth,  not  only  caused  considerable  friction,  but 
was  liable  to  break  the  rails  by  a  side  pressure.  The 
edges,  also,  of  the  top  of  the  cast-iron  rail,  suffered  much 
by  the  action  of  the  sides  of  the  groove  thus  formed,  and 
were  frequently  broken  off,  on  the  interior  side,  for  the 
whole  length  of  the  rail.  To  remedy  this,  the  breadth 
of  the  sur&ce  of  the  rails  was  increased,  which  diminished 
the  evil  to  a  certain  extent;  but  the  expense  of 
repairs  was  still  considerable. 

§  3. — CasUiron  Wheels^  Case-hardened. 

A  complete  remedy  was,  however,  effected  a  few 
years  ago,  by  what  is  called,  **  case-hardening  "  the  rim 
of  the  wheels.  This  is  done  by  placing  a  massive  ring 
of  cast  iron,  around  the  mould  for  forming  the  casting 
of  the  wheel ;  and  running  the  metal,  which  forms  the 
exterior  surface  of  the  rim  of  the  wheel,  against  this 
cold  cylindrical  piece  of  iron.  The  rapid  abstraction  of 
heat  by  the  cold  iron,  produces  such  a  d^^ee  of  com- 
pactness, and  hardness,  to  the  superficies  of  the  wheel  in 
contact  with  the  cold  iron,  that  the  file  haa  no  effect 
upon  it,  and  this  hardness  eflfectually  prevents  the  .actkm 
of  the  nil  from  wearing  the  whed  into  gioove|« 

Previous  to  this,  the  cost  of  wheels  was  a  very  serious 
chaige,  in  the  annual  repair  of  the  carriages ;  but  ^tlie 
wlieeb  now,  when  properly  case-hardened,  and  where 

the  qpeed  is  moderate,  work  for  many  years  without 
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wearing  away.  Several,  which  have  been  in  use  for 
eight  years,  are  still  in  good  order ;  and,  from  their 
appearance,  are  likely  to  remain  so  for  a  considerable 
time  to  come.  The  operation  of  case-hardening  was,  at 
first,  attended  with  great  difficulty ;  the  rapidity,  with 
which  the  cold  iron  caused  the  rim  to  cool,  produced  an 
unequal  contraction  of  the  metal,  in  all  the  several  parts 
of  the  wheel,  and  made  them  frequently  fly  in  pieces. 
The  rim,  being  first  cooled,  would  not  yield  to  the  con- 
traction  of  the  spokes  in  cooling  ;  and,  therefore,  when 
the  spokes  cooled,  if  the  contraction  did  not  cause  tliem 
to  separate  immediately,  it  lefl  such  a  tension  upon  them, 
that  the  shocks  they  received,  when  brought  into  use, 
soon  made  them  crack,  and  thus  rendered  the  wheel 
useless.  Many  plans  were  devised  to  remedy  this,  in 
some,  the  rim  was  made  considerably  thicker  than  the 
spokes,  that  the  spokes  might  cool  more  rapidly,  and 
thus  compensate  for  the  more  rapid  cooling  of  the  rim 
by  the  iron  ring ;  the  spokes,  in  this  case,  being  more 
numerous. 

The  plan  now  mostly  used,  where  the  wheel  is 
entirely  formed  of  cast  iron,  is,  to  cast  the  nave  in  two 
pieces,  as  is  shewn  in  Fig.  1,  Plate  VI.,  ece,  being  the 
division ;  two  hoops  of  wTought  iron,  i «,  i  f,  being  laid 
around  the  nave,  to  secure  it. 

In  Messrs.  Losh  and  Stephenson's  patent,  to  which 
we  have  before  alluded,  there  is  described  a  mode  of 
forming  the  wheels,  with  wrought-iron  spokes,  in  such  a 
way  as  to  yield  to  the  unequal  contraction,  occasioned 
by  the  case-hardening  of  the  wheels. 

ABC,  Pig.  %  Plate  Vl.f  represents  the  form  of  their 
wheel ;  cccccc,  are  the  arms,  which  are  of  flat  mal- 
leable  iron,  dovetailed  at  the  ends.  The  iron  arm3 
being  laid  in  the  mould,  the  cast  iron  is  run  around 
themt  and  thus  form's  one  entire  wheel ;  the  contraction 
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in  the  cooling,  draws  the  dovetailed  spokes  firmly  into 
the  rim  and  nave  ;  and,  by  the  use  of  a  little  borax,  an 
union  is  formed,  between  the  wrought  and  cast  iron, 
which  produces  a  degree  of  combination,  that  prevents 
the  possibility  of  their  working  loose.  The  spokes 
were  first  made  straight,  as  shewn  in  the  drawing,  and 
were  six  in  number,  but  experience  has  since  shewn  that 
a  greater  number  is  preferable ;  and  they  are,  also,  now 
made  of  a  slightly  serpentine  form,  so  as  to  yield  to  the 
contraction  of  the  rim  in  cooling.  In  this  wheel,  the 
nave  is  cast  entire. 

This  system  of  case-hardening  the  rim  of  the  wheels, 
aa  before  stated,  has  been  found  to  be  of  very  great 
utility,  reducing  the  wear  and  cost  to  a  comparatively 
trifling  amount.  The  hardness,  certainly,  renders  them 
more  liable  to  crack,  or  break,  by  sudden  jerks  or  blows  ; 
but  this  tendency  is  partly  overcome,  by  the  rims  being 
made  a  little  thicker  now  than  formerly ;  the  malleable- 
iron  spokes  also  tend,  in  a  certain  degree,  to  obviate  this 
objection. 

It  has  been  urged,  against  case-hardened  wheels,  that 
their  hardness  makes  them  liable  to  cut  the  rails  ;  this 
might  apply  to  narrow  rubbing  surfaces,  but  cannot 
have  any  application  to  one  surfiice,  rolling  over  another, 
when  the  hard  surface  is  the  rolling  one,  and  also  the 
broader.  We  have  often  examined,  very  carefully,  their 
action  upon  the  rails,  but  could  never  find  any  tendency 
in  them  to  cut  the  rails ;  whereas,  when  the  commoB 
wheels  are  indented,  on  the  sur&ce  of  the  rim,  they  are 
very  liable  to  injure  the  rails,  from  the  periphery,  thus 
grooved,  breaking  the  sides  of  the  bearing  sui&ce  of 
the  rails  off,,  and  leaving  only  the  middle  section.  This 
may  be  seen,  on  all  those  railroads  upon  which  theccm^ 
mon  wheels  have  been  long  used. 

The  universal  adoption  of  case-hardened  whfeeb,  cm 
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alt  the  railroads  where  a  slow  rate  of  travelling  is  prao 
tised,  in  preference  to  the  commmi  wheels,  is,  however, 
the  best  criterion,  which  can  be  adduced,  of  the  general 
belief  of  their  superiority. 

We  are  also  inclined  to  think,  that  casting  the  wheel 
against  a  perfectly  cylindrical  piece  of  iron^  tends  to  form 
it  more  perfectly  cylindrical,  than  casting  in  the  ordinary 
way,  and  this  will  likewise  lessen  the  resistance,  arising 
from  the  undulatory  motion,  produced  by  the  imperfect 
circular  form  of  the  rim. 

§  4. — Cast-iron  Wheels,  with  WroughUiron  Tires. 

The  very  great  rapidity  of  travelling,  which  is  now 
adopted  upon  puUic  railways,  causes  the  subject  of 
wheels,  to  be  a  most  important  object  in  railway  tra- 
velling. The  rapid  motion,  very  materially,  increases  the 
liability  of  case-hardened  wheels  to  break,  not  only 
from  the  brittle  nature  of  the  material^  but,  also,  by  the 
friction  of  the  wheels  upon  the  rails,  at  such  great 
velocities,  heating  and  expanding  the  rims,  and  thus 
caosiDg  them  to  crack,  and  fly  to  pieces ;  and  various 
plans  have,  therefore,  been  devised,  to  obviate  this 
ol:^ect]on» 

The  wheels  of  the  locomotive  engines,  up  to  1826, 
were  formed  of  common  cast  iron,  the  case-hardening 
being  deemed  objectionable,  as  diminisliing  the  adhesion 
upon  the  rails.  Findmg  the  wear  of  those  wheels  vexy 
great,  I  had  a  rim,  or  tire,  of  wrought  iron,  put  upon  one 
set  of  whecisi,  of  one  of  the  Killingworth  engines.  This 
tire  wak  fMde  by  the  hammer  of  the  workman,  and,  not 
\xm0xjt  tinfform  thickness,  prodneed  considerable  re- 
sistsmce  fa  the  engine.  The  experiment  was,  however, 
pursued  a  sufficient  length  of  time  to  prove,  that,  with 
ref^A  to  common  cast  iron,  the  wear  was  very  mnch 
lessr    The  trial  being  so  very  satisfitctory,  the  Bedlington 
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Iron  Company  were  induced  to  erect  a  pair  of  rollers, 
to  roll  them  by  machinery,  by  which  means,  a  uni- 
formity of  thickness  was  preserved.  Since  that  time,  the 
use  of  malleable  iron  tires  has  gradually  increased,  and 
is  now  adopted  upon  all ^  the  public  lines,  where  rapid 
travelling  is  practised,  not  only  for  engine  wheels,  but 
also  for  the  common  carriages. 

In  forming  this  wheel,  the  nave  and  spokes  were  the 
same  as  the  common,  or  case-hardened  wheels,  but  the 
rim  was  cylindrical,  without  the  flanch.  The  rim  was 
then  turned,  to  clear  it  of  all  sand,  or  loose  particles, 
and  to  make  it  perfectly  cylindrical.  The  tire,  being 
previously  turned  into  a  cylindrical  shape,  and  welded, 
is  then  heated  to  a  certain  degree  of  temperature,  and 
the  contraction  in  cooling,  causes  it  to  embrace  the  rim 
of  the  wheel  sufficiently  tight,  to  prevent  it  from  coming 
off;  experience  having  shewn,  that,  when  the  car- 
riages do  not  travel  at  a  velocity,  which  heats  the  tire, 
such  a  mode  of  laying  them  on  is  sufficient. 

At  very  rapid  rates  of  travelling,  for  locomotive  en- 
gine wheels,  and  for  the  wheels  of  passenger  carriages ; 
cast-iron  spokes  and  rims,  have  not  been  found  of  that 
degree  of  safety,  as  to  ensure  perfect  confidence  in  their 
yse.  Mr.  George  Stephenson,  therefore,  on  the  Liverpool 
and  Manchester  railway,  adopted  cast-iron  naves,  with 
wooden  spokes  and  rim,  on  which  the  wrought-iron  tire 
was  laid.  Square  boxes  are  cast  in  the  nave,  to  receive 
one  end  of  the  spokes,  the  other  ends  being  inserted 
into  the  fellies,  in  the  same  manner  as  in  coach  wheels. 
A  thin  wrought-iron  rim  is  laid  around  the  fellies,  upon 
which  the  outside,  or  flanched  tire,  is  laid.  This  de- 
scription of  wheel  ensures  perfect  safety,  but  the  ex- 
pense of  construction  is  very  considerable. 

Mr.  George  Stephenson  has  obtained  a  patent  for  a 
wheel,  with  cast-iron  nave  and  rim,  and  hollow  cast? 
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iron  spokes ;  a  b  c  ;  Fig.  3,  Plate  VL,  represents  this 
form  of  wheel.  The  wheel  in  this  plate  shews  the 
dimensions  of  one  of  the  engine  wheels,  those  for  com- 
mon carriages  being  made  lighter.  This  wheel  differs 
little  from  those  previously  described,  except  that  the 
spokes  are  made  of  hollow  wroughtriron  tubes,  or  what 
is  called  "  gun-barrelled  spokes."  These  spokes  are  laid 
into  a  mould,  and  the  cast  iron  forming  the  nave  and 
rim,  is  run  around  them  in  the  usual  way  ;  but  a  com- 
position of  borax  is  applied,  upon  the  ends  of  the  tubular 
spokes,  for  the  purpose  of  causing  a  more  perfect  union 
between  the  wrought  and  cast  iron  ;  and  the  spokes, 
thus  united,  are  found,  in  practice,  not  to  work  loose. 
The  nave  is  cast  of  one  entire  piece,  and  the  rim  is  cast 
cylindrical;  the  latter  is  then  turned,  and  a  tire  of 
wrought  iron,  with  a  flanch  rolled  upon  it,  is  laid  upon 
the  cylindrical  rim  of  cast-iron. 

These  wheels,  being  much  less  expensive  than  the 
wheels  with  wooden  spokes,  have  been  extensively  used 
upon  the  public  railways,  where  rapid  travelling  is 
practised.  There  still,  however,  exists  the  objection  to 
the  rim  being  formed  of  cast  iron  ;  and  though  the  risk 
of  breaking  is  greatly  obviated  by  the  adoption  of 
wrought-iron  spokes,  and  the  malleable-iron  tire,  still 
there  is  certainly  some  risk,  resulting  from  the  use  of 
cast  iron  being  used  as  a  rim  for  wheels,  which  are  to 
travel  at  very  rapid  rates  of  speed.  The  rim  is,  generally, 
made  very  heavy,  to  still  further  guard  against  the  risk 
of  breakage  ;  notwithstanding  which,  cast  iron,  used  as  a 
rim  for  such  very  rapid  rates  of  travelling,  as  from 
twenty  to  thirty  miles  an  hour,  is  certainly  objec- 
tionable. 

Messrs.  Jones,  of  London,  have  a  patent  for  a  kind  of 
wheel  with: wroughtriron  spokes  and  rim,  which  is  much 
used  for  heavy  carriages,  on  the  common  roads,  and 
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which  has  been  tried,  in  some  places,  on  railways.  The 
rim  and  spokes  of  this  wheel  are  of  wrought  iron,  and 
the  nave  of  cast  iron  ;  the  spokes  are  formed  of  round 
bars,  screwed  at  one  end,  and  dovetailed  at  the  other ; 
holes  are  made  through  the  rim,  which  are  bevelled 
outwards,  and  into  whicli  the  dovetailed  spokes  are 
inserted ;  holes  are  cast  in  the  nave  of  the  wheel, 
through  which  the  other  ends  of  the  spokes  pass  ;  this 
end  of  the  spoke  is  screwed  downwards  into  the  nave, 
thus  screwing  the  dovetailed  ends  into  the  rim  of  the 
wheel.  The  spokes,  therefore,  do  not  rest  upon  or 
within  the  nave,  as  in  other  wheels,  but  are  suspended 
around  the  rim  ;  the  nave,  and,  consequently,  the  axle 
and  carriages,  are,  therefore,  suspended  from  the  rim, 
the  spokes  being  in  a  state  of  tension,  and  not  of  com- 
pression, as  in  the  ordinary  wheels.  These  wheels  have 
not,  however,  been  much  used  on  railways. 

§  5. —  Wrovght-iron  Wheels. 

Mr.  William  Losh,  of  Walker,  has  produced  a  wheel, 
with  wrought-iron  spokes  and  rim,  which  has  been  very 
extensively  used  on  railways,  both  public  and  private, 
being  of  such  a  construction,  that  economy  is  combined 
with  safety.  This  wheel  was  the  subject  of  a  patent,  in 
August  1830,  previous  to  the  introduction  of  which,  no 
more  perfect  wheels  had  been  used,  than  those  with  cast- 
iron  rims,  hooped  with  wrought  iron. 

ABC,  Figs.  4  and  5,  Plate  F/.,  shew  different  forms 
of  these  wheels.  The  spokes  are  formed  of  flat  iron  bars, 
one  end  of  which  is  cast  into  the  nave,  in  the  same 
manner  as  shewn  in  Fig.  2.  In  the  wheel.  Fig.  4,  the 
spokes  are  a  little  bent ;  but  this  is  not  necessary,  as 
they  may  be  made  quite  straight  The  outer  ends  of 
the  spokes  are  bent,  according  to  the  different  modes  of 
construction,  into  a  circle,  so  as^  when  joined  tpgether, 


WROUGHT-IRON    WHEELS.  199 

they  form  a  circular  rim,  on  which  the  flanged  tire 
is  laid.  Thus,  in  Pig.  4,  the  end  of  the  spoke  a,  is 
bent  at  1,  in  the  manner  shewn  in  the  drawing ;  and 
from  1  to  2  forms  a  portion  of  the  inner  rim,  the  spoke, 
&,  forming  a  continuation  from  2  to  3,  and  so  on,  until 
the  circle  is  complete  ;  the  end  of  the  spoke  1,  resting 
on  the  elbow-bend  of  the  end  2  of  the  spoke  i,  and  the 
end  of  J  resting  upon  the  elbow-bend  of  the  spoke  c.  This 
is  shewn  more  distinctly,  on  a  larger  scale,  at  d.  When, 
therefore,  the  bent  spokes  are  thus  laid  upon  the  ends 
of  each  other,  they  form  a  circular  rim ;  the  tire  is 
then  heated,  and  laid  upon  the  rim,  and,  when  cooled, 
the  contraction  of  the  iron  presses  the  ends  of  each 
spoke  firmly  upon  the  elbow-bend  of  the  next  spoke, 
and  thus  forms  a  perfect  wheel.  The  under  side  of  the 
outer  tire  is  rolled  concave,  with  a  slight  bead,  or  pro- 
jection, on  each  side,  shewn  at  d  rf,  in  b.  Fig.  4.  The 
expansion  of  the  rim,  or  tire,  when  hot,  allows  the  inner 
rim,  or  spokes,  to  pass  within  the  projecting  bead ;  and, 
when  the  tire  contracts,  it  secures  the  inner  rim  firmly 
within  the  side  beads. 

ABC,  Pig.  5,  is  another  form  of  this  description  of 
wheel,  which  is  called  the  sector-spoked  wheel,  each 
spoke  being  a  sector  of  a  circle.  In  the  construction  of 
this  wheel,  the  ends  of  the  bar  of  iron,  forming  the 
spokes,  are  inserted  into  the  nave,  in  the  usual  manner, 
being  first  moulded  into  the  form  shewn  in  the  drawing, 
and  the  other  ends  bent  into  the  form  of  a  section,  as 
shewn  in  the  drawing;  and,  being  laid  against  each 
other,  forms  a  continuous  circle,  or  rim,  upon  which  the 
flanched  tire  is  laid,  as  before  described.  This  con- 
struction of  the  spokes  forms  a  very  firm  and  complete 
wheel.  There  are  many  other  modifications,  in  the 
construction  of  this  description  of  wheel,  described  by 
the  patentee ;  but  those  shewn  in  Figs.  4  and  5,  have 
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been  mostly  used.  This  kind  of  wheel,  being  formed 
entirely  of  wrought  iron,  except  the  nave,  and  the 
intermediate  rim  being  of  wrought  iron,  it  is  peculiarly 
adapted  for  railways,  where  the  rate  of  travelling  is  very 
great,  as  there  is  no  risk  of  breakage,  if  the  material  be 
of  good  quality ;  and  if  the  velocity  is  so  very  rapid, 
that  the  tire  becomes  heated,  and  expands,  the  elasticity 
of  the  spokes  is  quite  sufficient  to  counteract  any  effect 
of  this  kind,  and  to  preserve  the  stability  of  the  wheel. 
They  have  been,  almost  exclusively,  used  on  the  recently 
made  carriages  on  the  London  and  Birmingham,  Grand 
J  unction ,  and  Liverpool  and  Manchester  railways.  Several 
modifications  of  this  form  of  wheel,  have  been  attempted ; 
but  as  these  are,  generally,  more  in  the  shape  of  evasions 
of  the  patent,  than  improvements  in  the  construction 
of  the  wheels,  we  do  not  conceive  it  necessary  to 
describe  them ;  more  especially  as  few,  if  any,  have  been, 
as  yet,  used  by  the  different  railway  companies. 

§  6.  Form  of  Axles ^  and  Bearings. 

The  axles,  and  plan  of  bearings,  or  chairs,  come 
next  under  consideration.  For  many  years  after  the 
introduction  of  cast-iron  wheels,  the  axles,  wheels,  and 
plan  of  bearing  were  uniformly  of  one  description,  for 
carriages  on  edge-rail  roads.  Figs.  1  and  2,  Plate  Vll.y 
shew  an  improved  form  of  the  waggons,  now  almost 
exclusively  used  for  the  conveyance  of  coals  on  private 
railways.  The  wheels  are  all  of  the  description  shewn 
in  Fig.  1,  Plate  VL,  with  a  square  hole  in  the  nave, 
into  which  the  ends  of  the  axles  are  wedged;  the 
bearings  are  all  within  the  wheels,  and  consist  of  a 
cast  or  wrought  iron  chair,  secured  to  the  framing  of 
the  carriage  by  bolts,  with  a  semicircular  bearing  for 
the  axles.  In  the  early  stage  of  railroad  mechanism, 
the  chair,  or  bearing,  was  made  extremely  narrow,  not 
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more  than  one  inch  and  a  quarter  in  length,  and  in 
breadth  not  equal  to  the  diameter  of  the  axles.  It  was 
made  thus,  under  an  impression,  that  the  narrowest 
bearing  produced  the  least  friction.  Subsequent  expe- 
rience has  shewn  this  to  be  quite  erroneous,  and 
experiments  will  be  hereafter  given,  which  shew  this, 
in  a  very  conspicuous  point  of  view.  The  length  of 
the  bearings  is  now  never  less  than  three  inches,  but 
more  frequently  greater. 

Figifj  Plate  VILj  shews  an  improved  plan  of  this 
kind  of  bearing,  which  is  much  used,  for  carriages  of 
the  description  of  Figs.  1  and  2 ;  a  a,  are  the  bolts  which 
secure  tlie  chair  to  the  framing  of  the  carriage,  b  J,  the 
upper  part  of  the  chair,  with  a  semicircular  bearing, 
e,  representing  the  end  of  the  axle.  Until  recently,  the 
lower  side  of  the  axle  was  exposed,  and  the  dust  of 
the  railroad  operated  very  injuriously  to  the  progress 
of  the  carriages ;  a  cap,  d^  is  now  fastened  by  the  bolts, 
1  1,  to  the  upper  part  of  the  chairs,  which  protects  the 
axle  from  the  dust  of  the  road.  The  oil  is  applied  to 
the  upper  side  of  the  axle,  through  the  hole,  2 ;  and 
there  are  two  modes  of  securing  a  continual  supply 
of  oil,  or  other  lubricating  matter,  to  the  axle.  When 
oil  was  used  to  lubricate  the  axles  of  the  carriages,  on 
the  Liverpool  and  Manchester  railway,  the  plan  intro- 
duced by  Mr.  Stephenson,  was  a  tin  box,  containing 
the  oil,  placed  upon  the  frame-work  of  the  carriage, 
from  wliich  a  piece  of  cotton  wick  proceeded,  and 
which  was  inserted  down  the  hole,  2,  Pig.  4 ;  and  which, 
acting  as  a  syphon,  kept  up  a  continual  supply  to  the 
axle.  The  other  plan,  which  was  first  introduced  by 
Mr.  Booth,  was,  to  use  such  a  description  of  lubri- 
cating matter,  as  would  melt  with  a  moderate  degree 
of  heat.  This  was  placed  in  a  box,  in  the  frame- work 
of  the  carriage,  immediately  above  the  bearing  of  the 
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axle,  with  a  hole  to  communicate  therewith ;  the 
lubricating  matter  was,  therefore,  constantly  in  contact 
with  the  axle  ;  and  when  the  latter  became  in  the 
least  degree  heated,  for  want  of  oil,  the  heat  produced 
a  fresh  supply.  Mr.  Booth  has  a  patent  for  a  kind  of 
lubricating  substance  of  this  description,  which  con- 
sists  of  a  solution  of  the  common  washing  soda  of  the 
shops,  in  the  proportion  of  half  a  pound  of  the  salt 
to  a  gallon  of  pure  water ;  to  one  gallon  of  this  solution, 
three  pounds  of  good  clean  tallow,  and  six  pounds  of 
palm  oil  are  added;  or,  instead  of  the  mixture  of  palm 
oil  and  tallow,  ten  pounds  of  palm  oil,  or  eight  pounds 
of  firm  tallow.  The  whole  mixture  is  heated  to  about 
200°  or  210°  of  Fahr.,  and  well  stirred,  or  agitated,  until 
the  composition  is  cooled  down  to  60°  or  JO''  of  Fahr., 
and  has  obtained  the  consistency  of  butter,  in  which 
state  it  is  ready  for  use. 

The  kind  of  bearing,  previously  described,  is  used 
where  the  wheels  are  on  the  outside  of  the  frame-work 
of  the  carriage,  or  where  the  bearing  is  on  the  inside 
of  the  wheels.  In  many  carriages,  and  especially  those 
for  the  conveyance  of  bulky  goods,  it  is  necessary  to 
have  a  greater  width  of  frame-work,  than  that  which 
can  be  obtained  within  the  wheels ;  and,  hence,  it  is 
necessary  to  elevate  the  frame-work  of  the  carriage 
above  the  wheels,  and  increase  its  width  ;  in  which  case 
the  bearings  are  placed  on  the  outside  of  the  wheels. 
Independently  of  the  increased  accommodation  which 
such  a  form  of  carriage  presents,  there  are  other  con- 
siderations, which  make  a  bearing  outside  the  wheels, 
preferable  to  one  within  the  wheels.  In  the  latter  case, 
the  size  of  axle  is  necessarily  large  to  resist  the  shocks, 
as  well  as  the  direct  weight  of  the  load ;  and  when  the 
wheels  are  of  large  diameter,  the  twist  upon  the  axles 
is  very  considerable.     With  inside  bearings,  therefore, 
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the  chair,  or  semicircular  bearing,  cannot  be  of  less 
diameter  than  the  size  of  the  axle ;  but  outside  bear- 
ings not  being  subject  to  the  twisting  of  the  wheels, 
the  diameter  of  the  axle,  at  the  bearing,  can  be  made 
much  less ;  and,  if  we  suppose  the  same  resistance 
acting  on  the  surfaces  in  both  cases,  the  friction  should 
be  in  the  direct  ratio  of  the  diameter  of  the  axle  at 
the  pohits  of  bearing,  and,  consequently,  greater  with 
the  inside  than  outside  bearing.  Carriages  carrying 
about  four  tons  of  goods,  and  with  three-feet  wheels, 
require  axles,  at  least,  three  inches  and  a  quarter  in 
diameter,  which  must  be  the  size  of  the  bearings  inside 
the  wheels ;  whereas  the  outside  bearings  may  be 
reduced  to  two  inches,  and  thus  diminish  the  resistance 
considerably. 

Figs.  5,  6,  and  7>  Plate  VIL,  shew  a  plan  of  axle  and 
bearing  on  the  outside  of  the  wheels ;  a  is  that  part  of 
the  axle,  on  which  the  nave  of  the  wheel  is  fixed ; 
b  6,  shewing  a  part  of  the  nave,  and  c  the  end  of  the  axle, 
which  constitutes  the  bearing  portion ;  in  this  bearing, 
the  axle  diminishes  in  diameter  in  three  divisions. 
Fig.  8,  is  another  plan,  which  is  more  generally  adopted, 
than  the  preceding.  Fig.  6,  shews  a  section  of  the 
bearing,  or  chair,  through  the  middle ;  this  chair  con- 
sists of  a  cast-iron  box,  1,  S,  8, 4,  in  two  pieces,  separated 
at  4f\  and  &stened  together  by  bolts,  the  holes  of  which 
are  shewn  at  5,  6,  on  the  plan  Fig.  7 ;  one  of  the  bolts 
is  shewn  by  the  dotted  line,  d,  Fig.  6.  The  extreme 
end  of  the  axle,  it  will  be  seen,  is  increased  in  diameter, 
for  the  purpose  of  preventing  the  chair  fix)m  sliding 
outwards,  and,  therefore,  it  necessarily  causes  the  chair 
to  be  made  in  two  pieces ;  i  e,  i  e,  are  the  upper  and 
lower  brass  parts,  which  rest  on  the  axle,  and  surround 
it,  and  which  are  enclosed  by  the  cast-iron  chair,  1 ,  S,  3, 4. 
A  cavity,  or  chamber,  at  f,  is  cast  in  the  chair,  to-  cotb- 
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tain  the  oil,  or  other  lubricating  matter,  which,  in  tfie 
middle,  is  open  to  the  upper  side  of  the  brass  bearing ; 
the  oil  being  communicated  to  the  axle  by  the  two 
holes,  shewn  in  the  drawing.  This  chamber  is  covered, 
at  the  top,  by  a  lid,  2  g*,  by  which  it  can  be  filled  with 
oil  at  any  time.  The  spring,  shewn  at  g  g^  Figs.  6  and  7, 
rests  upon  the  chair,  and  is  fastened  to  it  by  the  same 
bolts  which  fasten  the  chair  together,  as  shewn  at  g  rf, 
FHg.  6.  Fig.  7»  which  is  a  plan  of  the  bearing,  shews 
the  spring,  g  g  ;  5  and  6  being  the  bolt-holes  for  fasten- 
ing  the  chair  together,  and  also  fastening  the  spring 
upon  the  chair.  The  middle  compartment  is  the  cham- 
ber, which  contains  the  oil,  with  the  hole  through  the 
brass  of  the  chair,  to  lubricate  the  axle ;  the  two  side 
compartments,  shewing  that  part  on  which  the  springs 
rest,  with  the  bolt-holes,  for  fastening  the  springs  to  the 
chair.  Vertical  guides,  similar  to  those  shewn  at  ff, 
Fig.  10,  are  fastened  to  the  side  of  the  frame  of  the 
carriages  ;  and  the  grooves,  h  A,  Fig.  7j  are  cast  for  the 
guides  to  work  in.  Fig.  9f  shews  a  plan  of  bearing, 
used  on  the  carriages  for  the  Newcastle  and  Carlisle 
railway,  and  is  a  vertical  section,  through  the  middle 
of  the  chair ;  ^,  being  the  upper  side  of  the  brass,  and  ^', 
the  under  part.  This  chair  is  put  together  in  two  parts, 
meeting  in  the  middle  of  the  axle,  and  bolted  togetlier 
by  two  bolts  on  each  side,  as  shewn  at  1  1,  FHg.  4.  In 
this  bearing,  the  spring  does  not  rest  upon  the  back,  or 
upper  side  of  it,  as  in  Fig.  6 ;  but  the  spring  is  placed 
above  the  frame  of  the  carriagey  as  shewn  in  Fig*  10, 
«rith  a  bolt,  2^,  passing  through  the  frames  and  resting 
oil:  the  upper  side  of  the  chair,  by  which  the  lipring  is 
acted  upon  by  the  inequality  of  the  road.  •  This  bolt, 
xwting  upon  the  middle  of  the  chair,  prevents  th^  pos- 
aibtlity  of  a  chamber  in  tlie  middle  for  the  oil,  and 
feluNre' are»  i  therefore,  two  chambers  for  that  purpose, 
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one  on  each  side  of  the  part  whereon  the  bolt  rests ; 
with  two  holes,  1 1,  communicating  with  the  brass  of  the 
bearing,  and  axle,  for  the  oil  to  pass  to  the  bearing  part 
of  the  axle. 

In  the  plan  of  bearing.  Pigs.  6  and  7>  the  guides  are 
fastened  to  the  outside  of  the  framing  of  the  carriage, 
and  work  within  the  grooves,  hhj  Fig.  7-  In  the  plan, 
Fig.  9»  the  guides  are  made  nearly  the  whole  breadth 
of  the  chair,  and  work  within  the  projecting  parts, 
3  3, 4  4,  of  the  chair.  Fig.  4.  fji  Fig.  10,  shew  this  plan 
of  guides  ;  one  cheek  of  the  guide,  shewn  by  the  dotted 
lines,  projects  upwards,  on  the  inside  of  the  frame,  to 
steady  it ;  and  it  is  bolted  upwards  to  the  frame,  by  the 
bolts,  a  o,  a  a.  The  dotted  lines,  3  3,  4  4,  Fig.  9>  repre- 
sent the  cheeks  of  the  chair,  within  which  the  guide's 
slide  up  and  down  ;  that  part  of  the  bearing  on  each 
side,  projecting  a  little,  as  seen  at  c,  in  Fig.  10,  and 
effectually  acting  as  a  guide  for  the  chair  to  slide  up  and 
down.  To  secure  the  stability  of  the  carriages,  and 
counteract  the  twisting  of  the  framing  at  the  curves,  it 
is  very  important,  that  the  guides  should  be  fixed,  so 
that  no  working  should  take  place,  in  the  oscillation  of 
the  carriages,  from  one  side  to  the  other.  Besides  the 
bolts,  cc,  a  stay,  &,  on  each  side,  also  passes  be- 
tween each  guide,  with  a  cross  bolt  between  each  side- 
stay,  at  6 ;  a  diagonal  stay  at  each  end,  at  d  d^  is  also 
placed  to  steady  the  guides,  and  which  likewise  acts  as 
braces  to  support  that  part  of  the  framing  of  the  car- 
riage, which  projects  beyond  the  wheels. 

The  springs  in  Fig.  10,  it  will  be  seen,  are  placed 
above  the  frame  of  the  carriage ;  that  is  done  for  the 
purpose  of  keeping  the  platform  of  the  carriage  as  low  as 
possible.  If  the  springs  were  placed  below  the  framing, 
or  were  made  to  rest  upon  the  chair,  as  in  Fig.  6,  it 
would  raise  the  frame,  4  4,  so  much  higher,  as  would 
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\>e  equal  to  the  thickness  of  the  spring.  Another  disad- 
vantage of  having  the  spring  below  the  frame,  is,  that 
it  increases  the  depth  of  the  guides ;  and,  of  course, 
renders  them  weaker  in  resisting  the  side  shocks,  or 
twisting  of  the  curves. 

The  bolt,  S',  Fig.  9,  passes  through  a  hole  in  the 
frame  of  the  carriage,  and  rests  against  the  under  side 
of  the  middle  of  the  spring. 

On  all  these  bearings,  it  will  be  seen,  that  the  end  of 
the  axle  is  increased  in  size,  or  that  a  collar  is  laid 
azound  the  axle,  so  as  to  make  it  larger  in  diameter,  than 
that  part  whereon  the  chair  rests ;  this  is  done  for  the 
purpose  of  steadying  the  guides^  or  to  prevent  them 
from^  extending  outwards,,  or  in  breadth.  This  has  been 
feund  to  be  quite  necessary,  as  some  were  tried  upon 
the  Newcastle  and  Carlisle  railway  without  this  collar, 
the  guides  and  chairs  of  which,  could  not  be  kept  at  the 
proper  width.  We  may  here  remark,  that  all  these 
bearings  are  upon  the  principle  of  the  wheels  being 
fixed  to  the  axle,  and  turning  with  them  ;  which  is  the 
reverse  of  what  is  universaUy  used  on  the  carriages  upon 
turnpike  roads,  where  the  wheels  turn  round  upon  the 
axle.  In  railway  carriages,  however,  the  depth  of  the 
flanch,  to  keep  the  wheels  upon  the  rail,  is  only  one  inch  ; 
and  it  is  necessary  that  no  vibration  of  the  wheel  should 
exist,  otherwise  its  liability  to  get  ofi*  the  rail  would  be 
greatly  increased.  In  all  bearings,  sitmlar  to  those  used 
on  common  roads,  some  vibration  exists,  especially  when 
they  are  a  little  worn  ;  and  the  following  t^ial  will  shew 
that  the  least  vibration  is  injurious : — On  tihe  Newcastle 
aild  CjEu-ltslie  ndtway  some  catriages  w^e  constructed, 
with  lliief  idLle»  fitted  into  the  nave  of  the  wheel,  in  the 
aattie  Way  as  if  Aey  were  to  turn  round  with  the  wheels ; 
et6eptt9^t4'instead  of  the  axles  being  keyed  to  the  nave 
of  tii^  wheel  at  both  ends,  one  of  the  wheds  on  each 
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side  was  not  keyed  to  the  axle,  but  was  left  at  liberty 
to  turn  round  it,  for  the  purpose  of  trying  the  effect  upon 
the  curves;  a  groove  being  cut  around  the  axle,  in 
which  the  end  of  a  pin  worked,  to  prevent  the  wheel 
from  working  off.  Although  the  hole  through  the  nave  of 
the  wheel  was  bored  out,  and  the  axle  turned,  and  made 
to  fit  as  accurately  as  possible,  still  there  was  a  triflii^ 
vibration  of  the  wheel,  when  it  turned  round  the  axle, 
and  this  small  vibration  was  sufficient  to  cause  the  car- 
riages to  run  off  the  rails  occasionally ;  the  axles  were 
then  keyed  to  the  wheel,  and  no  such  occurrence  took 
place.  From  this  experiment,  it  would  appear,  that  it  is 
quite  essential  to  the  safety  of  railroad  travelling,  that 
the  wheels  of  the  carriages  should  be  fixed  to  the  axles^ 
and  turn  round  with  them.  We  are  aware,  that  upon 
some  railroads,  though  principally  upon  plate  rails,  the 
wheels  are  loose  upon  the  axles  ;  but  on  plate  rails,  the 
tiability  to  run  off  the  rails,  is  much  diminished  by  the 
great  height  of  the  upright  ledge  ;  and  upon  those  of 
the  edge  rails,  the  flanch  of  the  wheels  is  made  very 
deep,  and  the  carriages  travel  at  a  slow  rate. 

Having  thus  described  some  of  the  different  plans  ek 
bearings,  we  shall  reserve,  for  another  part  of  the  workt 
our  enquiries  into  the  best  form  and  dimensions  of  the 
bearing  part  of  the  axle,  to  produce  the  least  friction ; 
and  shall  proceed  to  describe  the  different  kinds  of  ear^ 
riages  for  coals,  heavy  goods^  and  passengers,  used  opon 
the  different  railways. 

§  ^^^Modem  Coal  Waggons y  or  Ckarriages.     ^   , 

FigSn  Ir  %  and  3  shew  the  plan  of  waggoosj  ot)  c^lf^: 
riages^  used  in  the  north  of  England  for  the  csmw^fsans:^ 
q£  coals.  The  reason  why  they  are  made  of  thi^.  sh^pt^. 
ist  that  the  coals  are  discharged  outof  the  hQt1x>i^9l^.t% 
carriage;  and,  therefore,  it  is  necessary  to  have 
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te  equal  to  the  thickness  of  the  spring.  Another  disad- 
vantage of  having  the  spring  below  the  frame,  is,  that 
it  increases  the  depth  of  the  guides ;  and,  of  course, 
renders  them  weaker  in  resisting  the  side  shocks,  or 
twisting  of  the  curves. 

The  bolt,  S',  Fig.  9,  passes  through  a  hole  in  the 
frame  of  the  carriage,  and  rests  against  the  under  side 
of  the  middle  of  the  spring. 

On  all  these  bearings,  it  will  be  seen,  that  the  end  of 
the  axle  is  increased  in  size,  or  that  a  collar  is  laid 
azound  the  axle,  so  as  to  make  it  larger  in  diameter,  than 
that  part  whereon  the  chair  rests ;  this  is  done  for  the 
purpose  of  steadying  the  guides,  or  to  prevent  them 
from  extending  outwards,,  or  in  breadth.  This  has  been 
finmd  to  be  quite  necessary,  as  some  were  tried  upon 
the  Newcastle  and  Carlisle  railway  without  this  collar, 
the  guides  and  chairs  of  which,  could  not  be  kept  at  the 
proper  width.  We  may  here  remark,  that  all  these 
bearings  are  upon  the  principle  of  the  wheels  being 
fixed  to  the  axle,  and  turning  with  them  ;  which  is  the 
reverse  of  what  is  universaUy  used  on  the  carriages  upon 
turnpike  roads,  whei*e  the  wheels  turn  round  upon  the 
axle.  In  railway  carriages,  however,  the  depth  of  the 
flanch,  to  keep  the  wheels  upon  the  rail,  is  only  one  inch  ; 
and  it  is  necessary  that  no  vibration  of  the  wheel  should 
exist,  otherwise  its  liability  to  get  ofi*  the  rail  would  be 
greatly  increased.  In  all  bearings,  similar  to  those  used 
on  common  roads,  some  vibration  exists,  e^cialty  when 
they  are  a  little  worn  ;  and  the  following  trial  will  shew 
that  the  least  vibration  is  injurious :— On  the  Newcastle 
aild  Chrltsle  ndtway  some  catriages  were  constructed, 
with  lliief  idLles  fitted  into  tiie  rudEvecS  the  wheel,  in  the 
saffi^  ^ay -as  if  tlvey  were  to  turn  round  with  the  wheels ; 
eteepttftbt^itistead  of  the  axles  being  keyed  to  the  nave 
of  tike  wheel  at  both  ends,  one  of  the  wheels  on  each 
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side  was  not  keyed  to  the  axle,  but  was  left  at  liberty 
to  turn  round  it,  for  the  purpose  of  trying  the  effect  upon 
the  curves;  a  groove  being  cut  around  the  axle,  in 
which  the  end  of  a  pin  worked,  to  prevent  the  wheel 
from  working  off.  Although  the  hole  through  the  nave  of 
the  wheel  was  bored  out,  and  the  axle  turned,  and  made 
to  fit  as  accurately  as  possible,  still  there  was  a  trifliiig 
vibration  of  the  wheel,  when  it  turned  round  the  axle, 
and  this  small  vibration  was  sufficient  to  cause  the  car- 
riages to  run  off  the  rails  occasionally  ;  the  axles  were 
then  keyed  to  the  wheel,  and  no  such  occurrence  took 
place.  From  this  experiment,  it  would  appear,  that  it  is 
quite  essential  to  the  safety  of  railroad  travelling,  that 
the  wheels  of  the  carriages  should  be  fixed  to  the  axles, 
and  turn  round  with  them.  We  are  aware,  that  upon 
some  railroads,  though  principally  upon  plate  rails,  the 
wheels  are  loose  upon  the  axles  ;  but  on  plate  rails,  the 
liability  to  run  off  the  rails,  is  much  diminished  by  the 
great  height  of  the  upright  ledge ;  and  upon  those  oi 
the  edge  rails,  the  flanch  of  the  wheels  is  made  very 
deep,  and  the  carriages  travel  at  a  slow  rate. 

Having  thus  described  some  of  the  different  plans  ot 
bearings,  we  shall  reserve,  for  another  part  of  the  work, 
our  enquiries  into  the  best  form  and  dimensions  of  the 
bearing  part  of  the  axle,  to  produce  the  least  friction ; 
and  shall  proceed  to  describe  the  different  kinds  of  eai^ 
riages  for  eoals,  heavy  goods^  and  passengers,  used  apon 

the  different  railways. 

■  ■     .        .  *  * 

§  'J^^n^Modem  Coat  Waggons,  or  Carriages.      \ 

i%«,  1,  S,  and 3  shew. the  plan  of  vna^gqm{.Qt)CKt^ 
riages^  t»ed  in  the  iK)rth  of  England  £vr  the  qonviajuqif!^ 
of  coalSf  The  rc^aspn  why  they  are  ma4e  of  thi^,  ^h^p/^. 
is,  that  the  coals  are ,  disciiarged  out  of  the  hpttjgpr  9l^'t^^ 
carriage;  and,  therefore,  it  is  necessary  to  have 
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narrower  at  the  bottom  than  at  the  top,  or  in  the  sliape 
of  a  hopper,  that  the  coals  may  run  out.  In  some  of  the 
railways  in  the  south  of  England,  and  in  Scotland,  the 
coals  are  laid  upon  a  waggon  with  a  square  body, 
the  coals  being  in  this  case,  lifted  out  by  hand  or  by 
shovels ;  but,  in  the  neighbourhood  of  Newcastle,  this 
mode  is  too  slow  an  operation ;  for  the  large  quantities 
required  to  be  constantly  shipped.  FigA^  is  an  elevation ; 
Fig.  2,  a  plan ;  and  Fig.  3,  an  end  view.  The  frame- 
work consists  of  the  two  side  frames,  or  soles,  a  a,  a  a,  as 
they  are  called,  fastened  together  by  the  four  cross 
sheths,  B  B  B  B,  and  the  bolts,  a  a.  Upright  sheths,  bbb  by 
are  placed  upon  the  side  frames,  and  cross  sheths,  as 
shewn  in  the  figures ;  and  are  made  of  wrought  iron, 
rolled  into  the  proper  shape  for  the  purpose.  The  lower 
ends  of  the  upright  sheths  are  bolted  to  the  framing, 
a  A,  A  A,  by  screw-bolts,  that  part,  passing  through  the 
framing,  being  bevelled  upright ;  when  screwed  down, 
they  are  fixed  firmly  into  the  timber.  The  top  framing 
is  also  iron,  rolled  for  the  purpose,  the  side  sheths  being 
rivetted  to  the  top  frame ;  the  ends  and  sides  are  then 
dead  with  deals,  which  are  sometimes  bolted  to  the 
upright  sheths,  but  more  frequently  rivetted  to  them 
with  small  bolts. 

The  upright  sheths,  and  top  framing,  are  sometimes 
made  of  timber,  and  either  dead  with  thin  sheet  iron, 
or  deals.  The  bottom,  which  consists  of  deals  fastened 
together  by  the  cross  sheths,  c  c,  c  c,  is  hung  upon  two 
iron  cross  bars,  ef,  ejl  working  upon  eye-bolts  at  the 
ends,  e  e^  and  is  hung  upon  clasps  at  the  ends,^^  for 
the  purpose  of  being  opened  with  facility,  when  the 
clasps  are  struck  off.  The  waggons  are  dragged  by  means 
of  a  short  chain,  with  a  double  eye  at  each  end,  attached 
to  the  middle  bar,  g  gj  and  fastened  to  the  two  cross 
sheths,  B  B ;  the  end  of  the  bar,  g  g*,  passes  into  the  double 
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eye,  and  is  secured  by  a  bolt,  as  shewn  in  Fig.  3. 
A  chain  is  not,  however,  always  used  y[  sometimes  a  bar 
of  iron  is  substituted,  which  is  fastened  in  the  same 
manner.  To  add  to  the  breadth  of  the  ends  of  the 
side  frames,  a  a,  a  a,  and  prevent  the  ends  from  passing 
each  other,  on  the  curves  of  the  road,  a  piece  of  wood, 
i  t,  is  bolted  to  the  inside  of  the  side  frame,  and  secured 
by  hoops,  kkkkj  passed  around  the  ends.  The  break, 
or  brake,  is  fastened  to  the  side  frame  by  a  cast-iron 
stud,  bolted  to  the  framing,  and  shewn  by  the  dotted 
lines  at  o.  Fig.  1.  A  wrought-iron  pin  is  keyed  into  this 
stud,  on  which  the  brake,  or  lever,  mnr^  works,  the  pin 
at  0  acting  as  its  fulcrum.  The  part,  m  ti,  is  a  flat  bar,  to 
which  pieces  of  wood  are  bolted  on  each  side,  for  the 
purpose  of  nailing  on  the  wooden  brakes,  p  p^  which 
press  against  the  wheels.  These  brakes  were  formerly 
called  "  convoys,*'  and  were  made  of  wood  entirely  j 
the  pieces,  pp^  being  called  "  breasts,*'  and  composed 
of  beech.  The  end,  r,  is  kept  up  by  a  bolt,  when  not 
used;  and  before  self-acting  planes  were  established, 
another  lever,  acting  upon  the  end  r,  was  applied,  to  in- 
crease the  power.  The  dimensions  of  the  waggons,  here 
described,  are  such  as  carry  about  fifty-five  cwt  of  coals ; 
or,  by  heaping  a  little,  nearly  three  tons. 

§  8. — Truck  for   the  Conveyance    of  general 

Merchandise. 

Fig.  10,  Plate  VIL^  is  a  side  view  or  elevation ; 
Fig.  11,  a  plan ;  and  Figs.  12  and  13,  end  views  of  a 
truck,  or  platform  carriage,  for  the  conveyance  of  general 
goods  on  public  railroads.  The  main  framing  consists 
of  the  four  longitudinal  frames,  1 1 ,  22,  33,  44,  which  are 
fastened  together  by  the  three  cross  sheths,  55^  66^  77 ; 
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these  sheths  are  mortised  into  the  frames  11  and  22, 
and  bolted  to  them  by  bed-bolts,  and  are  likewise  more 
firmly  bound  together  by  the  long  bolts,  5'5'j  GQ'y  77- 
This  framing  is  still  further  strengthened^  and  prevented 
from  twisting,  by  the  diagonal  braces,  88  and  99.     It 
may  here  be  remarked,   that  the   inner  longitudinal 
frames,  22  and  33,  are  not  applied,  except  where  carriages 
similar  to  those  of  Figs.  1,  and  3,  are  to  travel  upon 
the  same  railway,  or  where  caniages  are  used,  with 
the  bearings  inside  the  wheels.     In   these   cases,   the 
inner  frames  are  necessary  to  abut  against  the  ends,  k  A:, 
of  the  other  carriages,  unless  the  whole  train  be  coupled 
together  by  inflexible  bars,  and  thus  prevent  the  ends 
of  the   carriages   from    abutting   against    each   other. 
When  the  inner  frames,  22  and  33,  are  not  used,  the 
diagonal  braces  must  extend  to  the  outer  frames,  11 
and  44.     Upon  this  main  frame,  the  upper  framing,  i  /, 
k  kf  is  raised,  for  the  purpose  of  forming  a  platform, 
on  which  the  goods  are  to  be  placed,  and  which  is  thus 
constructed: — Upon  the  outer  frames,  11  and  44,  and 
also  resting  upon  the   cross  shetlis,  55,  77f  the  cross 
sheths,  llfinm^  are  laid  at  each  end,  an  end  view  of 
which  is  shewn  in  Fig.  12.   Four  cast-iron  boxes,  rrrr, 
are  bolted   down  to   the  side  frame,   11  and  44,  on 
each  side,  shewn  on  a  larger  scale  in  Figs.  14, 15,  and 
16 ;  Fig.  14,  being  an  elevation  ;  Fig.  15,  an  end  view 
of  the  inner  side ;   and  Fig.  16,  a  plan.     Upon  the 
cross  sheths,  /  /,  m  m,   and  the  cast-iroa  stands^    the 
longitudinal  sheths,  it  and  k  k,   are  bolted;  another 
longitudinal  sheth,  o  o,  (broken  off  in  Fig,  11,).  is  laid 
upon  the  cross  sheths,  5,  6,  and  7*  and  bolted  to.  them ; 
four  cross  sheths,  nnnnf  resting  in  the  middle  upon 
the  last-named  sheth,  and  with  their  ends  upon  the  cast- 
iron  stands,  rrrr^  as  shewn  in  F^s.  11,  13,  and  16, 
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are  then  placed  across,  and  bolted  to  the  lower  cross 
sheths. 

This  frame- work  is  then  covered  with  planks,  shewn 
in  Fig.  13,  and  made  with  a  little  depression  in  the 
middle,  for  the  goods  to  lie .  more  securely.  It  will  be 
seen  also,  for  the  same  purpose,  that  the  outside 
longitudinal  sheths,  i  A;,  project  a  little  above  the  level 
of  the  cleading  of  the  platform.  At  each  end,  a  piece 
of  timber,  ss^  Fig.  12,  is  laid  across,  and  which  is  like- 
wise raised  a  little  above  the  level  of  the  platform.  The 
iron  bar,  by  which  the  carriage  is  dragged,  is  shewn 
at  e  Sf  Fig.  11,  and  as  it  reaches  the  whole  length  of  the 
carriage,  and  as  all  the  cross  sheths  are  bolted  to  this 
bar,  it  gives  additional  strength  to  the  frame-work. 

These  carriages,  which  are  generally  denominated 
"  trucks,"  are  used  for  almost  all  the  different  descrip- 
tions of  goods  carried  upon  railroads ;  and  as  they  pre- 
sent, upon  a  railroad,  four  feet  eight  inches  in  width,  a 
superficial  surface  of  platform  of  seventy-five  square  feet, 
a  considerable  quantity  of  very  light  goods  can  be 
placed  upon  them.  They  generally  carry  about  four 
tons  weight,  and  by  increasing  the  dimensions  of  the 
platform,  this  may  be  increased. 

§  9. —  Common  Passenger  Carriages. 

Figs.  1  and  2,  Plate  VIII.  shew  the  elevation  and 
plan,  of  the  frame- work  of  a  carriage  for  the  conveyance 
of  passengers,  the  same  figures  being  used  to  refer  to 
the  same  parts,  as  in  the  previous  drawings  of  the  truck 
carriages  ;  11,  22,  38,  and  44,  Fig.  2,  are  the  longitu- 
dinal sheths  ;  and  5  5',  5",  6  6'  &\  7>  the  cross  sheths. 
The  same  inner  longitudinal  sheths,  22  and  33,  are  put  in 
this  drawing,  as  in  that  o£Fig.  11,  Plate  VII. ;  but  these 
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may  be  omittedt  when  carriages  are  not  used  on  the 
same  railway,  with  inside  bearings,  or  where  such  car- 
riages do  not  travel  in  the  same  trains  with  the  passenger 
carriages.  88,  99>  are  the  cross  stays ;  the  cross  sheths 
are  mortised  into  the  longitudinal  sheths,  secured  with 
bed-bolts,  and  likewise  with  cross  bolts,  as  shewn  in  the 
drawing.  The  springs  of  this  carriage,  are  placed  above 
the  frame- work  similar  to  the  trucks,  as  shewn  in  Fig.  1  ; 
but  they  may  be  placed  below,  without  altering  the  con- 
struction of  the  frame-work  at  all,  it  being  merely 
necessary  to  raise  the  framing  of  the  carriage  a  little 
higher.  In  the  drawing,  Fig.  1,  the  spring  is  shewn 
the  same  as  for  the  truck  carriages,  but  for  passenger 
carriages  of  a  better  class,  the  springs  are  made  much 
longer,  and  sometimes  double  or  grasshopper  springs. 
In  this  carriage  no  upper  or  raised  platform  is  required, 
as  on  the  truck  carriages  ;  that  part  of  the  wheels  above 
the  frame- work,  runs  underneath  the  seats,  as  shewn  in  the 
drawing.  Fig.  1,  is  an  open  carriage,  or  what  is  called 
the  second  class  of  passenger  carriages  ;  tttttU  are  the 
seats ;  w  w  w,  the  doors.  A  canopy  is  raised  upon  iron 
uprights,  and  covered,  to  shelter  the  passengers  from 
the  rain,  and  also  from  the  small  particles  of  coke,  thrown 
out  of  the  chimney  of  the  engine  ;  x  oy  Uy  shews  the 
brake  for  stopping  the  carriage,  which,  where  it  presses 
against  the  wheel,  is  hung  upon  the  inside  of  the  outer 
sheth  at^  ;  the  lever,  x  v  o,  works  upon  the  fulcrum  at  v. 
When,  therefore,  the  end,^,  is  moved  outwards,  it  presses 
the  brake,  y  w,  against  the  wheel,  by  the  connecting 
rod,  0  i.  This  is  what  is  called  a  single  brake,  but  the 
lever  being  very  powerful,  it  is  generally  found  sufficient. 
This  is  one  of  the  varieties  of  the  open  passenger 
carriages;  there  are,  however,  many  different  forms, 
according  to  the  fancy  of  the    engineer;    the  figure 
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shewn  in  the  drawing  is,  however,  a  very  comfortable 
and  economical  form  of  open  carriage. 

§  10. — First  Class,  Passenger  Carriages. 

Figs.  3,  4,  and  5,  Plate  VIII.j  shew  a  plan  of  close,  or 
first  class  carriage,  for  the  conveyance  of  passengers.  The 
framing  of  this  carriage  is  precisely  the  same  as  that  for 
the  open  carriage,  described  in  Fig.  2,  theletters  referring 
to  the  same  parts.  Fig.  4,  is  a  cross  section,  shewing  the 
construction  of  the  interior  of  the  carriage ;  tttt,  being 
the  seats  ;  and  b,  the  space  below  the  seats  ;  r  r,  the 
stands  for  the  springs.  In  some  of  these  carriages,  the 
seats  are  divided  into  four  compartments,  as  shewn  in 
Fig.  4,  with  arms  for  the  comfort  of  the  passengers. 
The  seats,  and  back,  and  the  whole  of  the  inside,  are 
Hned  with  cushions,  and  some  of  them  are  fitted  up  in 
the  first-rate  style  of  coach-building. 

In  the  carriages  shewn  in  the  plates,  the  main  framing 
is  a  solid  piece  of  oak  ;  in  most  of  the  carriages  used  on 
the  Liverpool  and  Manchester,  and  also  the  Grand 
Junction  or  Birmingham  railways,  the  side  framing 
consists  of  two  pieces  of  timber,  kept  apart  two  or  three 
inches  by  studs,  and  secured  by  bolts.  The  latter  mode  of 
constructing  the  framing  of  the  carriages,  is  for  the  pur- 
pose  of  applying  a  particular  description  of  buffing 
apparatus,  which  will  be  hereafter  described.  In  these 
carriages,  the  brake  is  worked  different  from  the  com- 
mon passenger  carriages,  the  guard  sitting  upon  the 
top  of  the  carriage,  d  a".  Figs.  %  3,  and  4,  is  an  up- 
right rod,  worked  by  the  handle,  d  ;  this  rod  works  a 
small  pinion,  6,  and  large  wheel,  h\  on  the  axle  of  which 
is  a  small  pinion,  working  into  the  toothed  rack,  c\ 
fixed  to  the  horizontal  rod,  c  d\  This  rod  lays  hold 
of  ia  lever,  or  arm,  fixed  upon  the  shaft,  e  ep  and  upon 
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this  shaft  is  another  lever,  communicating  with  the  two 
arms,  ff^  Fig.  3.  When,  therefore,  the  handle,  af^  is 
turned,  the  combination  of  wheels  moves  the  rod,  cf  c", 
back  and  forwards,  by  means  of  the  toothed  rack ;  and  if 
it  is  drawn  in  the  direction  of  the  dart,  the  lever  on  the 
shaft,  eV,  presses  the  two  arms,y^y',  downwards,  and, 
consequently,  presses  the  brakes,  u  u^  against  the 
wheels  ;  and  the  handle  being  turned  so  as  to  work  the 
rod  in  the  opposite  direction,  the  brakes  are  drawn  up- 
wards, and,  therefore,  drawn  from  against  the  wheels. 
The  combination  of  wheels  is  for  the  purpose  of  in- 
creasing the  power  of  the  handle,  a',  which  could  not 
otherwise  be  made  of  sufficient  power,  without  being 
inconveniently  long. 

In  Mg.  6,  Plate  F7.,  another  plan  of  working  the 
brake  is  shewn.  In  this  plan  there  is  a  separate  brake  to 
each  wheel,  and  not  a  double  one,  as  in  Fig.  S,  Plate  VIII. 
1  Fig.  6,  Plate  F/.,  is  the  handle,  and  pinion,  working 
into  the  large  wheel,  2,  on  the  axle  of  which  is  a  small 
pinion,  working  the  two-toothed  racks,  3  and  4.  Two 
axles,  5  and  6,  are  fixed  to  the  frame  of  the  carriage ;  on 
each  of  these  axles  an  arm  is  firmly  fixed,  projecting 
downwards,  and  upon  these  arms  the  brakes,  which  act 
against  the  travelling  wheels  of  the  carriage,  are  fastened. 
Upon  the  same  axles,  at  5  and  6,  other  two  levers,  or  arms, 
are  fixed,  both  of  them  projecting  upwards.  When,  there- 
fore, the  handle  is  turned  towards  the  left:,  the  rod  3,  and 
arm  5,  are  pushed  forwards,  and,  consequently,  that  brake 
is  pressed  against  the  wheel ;  while,  at  the  same  time, 
the  rod  4,  and  arm  6,  are  pulled  in  the  opposite  direction, 
and  that  brakeis  pressed  against  the  other  wheel;  and  when 
the  handle  is  tuined  in  the  other  direction,  the  brakes 
are  taken  from  against  the  wheels.  There  are  several 
other  modes  practised,  of  applying  brakes  to  the  wheels 
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of  the   carriages,    which    it    is  unnecessary    here  to 
describe. 

§  11. — Mode  of  coupling  CarriageSy  or  Buffing 

Apparatus. 

In  railway  travelling,  the  engines  are  necessarily 
very  powerful,  and,  consequently,  several  carriages  are 
dragged  at  a  time ;  and  these  were  generally  fastened  to 
each  other,  either  by  a  chain,  or  by  a  bar  of  iron.  If  by 
the  former,  the  inertia  of  one  waggon,  by  any  change 
of  motion,  is  independent  of  the  other ;  and,  therefore, 
when  the  engine  puts  the  first  carriage  in  motion,  it  is 
done  by  a  jerk,  or  sudden  pull,  and  so  on  throughout 
the  whole  train,  as  each  carriage  is  successively  put  in 
motion  ;  and,  consequently,  a  succession  of  jerks  is  felt 
by  the  passengers,  as  each  carriage  is  put  in  motion. 
Again,  when  the  train  is  stopped,  or  the  speed  slack- 
ened, the  inertia  of  each  carriage  causes  it  to  strike 
against  the  preceding  one,  and  a  succession  of  blows,  or 
shocks,  is  felt,  as  each  carriage  successively  strikes 
against  that  which  precedes  it ;  and  thus  the  passengers 
are  continually  subjected  to  a  succession  of  jerks,  or 
shocks,  whenever  any  change  of  motion  takes  place. 
When  the  carrriages  are  fastened  together,  by  an  in- 
flexible  bar  of  iron,  the  succession  of  jerks,  or  shocks, 
is  obviated,  the  carriages  being  prevented  striking 
against  each  other,  and  only  one  jerk,  or  blow,  is  felt, 
when  the  entire  train  is  either  stopped,  or  put  ia 
motion ;  but,  in  this  case,  unless  the  engine  be  more 
than  sufficiently  powerful,  to  drag  the  train  forward^ 
when  in  motion,  at  a  certain  velocity,  it  will  be  in.- 
capable  of  putting  the  whole  mass  of  carriages,  from  a 
state  of  rest,  into  motion,  without  very  considerable 
delay.  If  the  carriages  are  not  fastened  together  by  an  iiv 
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flexible  bar,  but  by  a  chain,  this  allows  each  carriage  to 
move  a  short  distance,  before  the  next  is  put  in  motion  ; 
then  each  carriage  is  put  into  motion  in  succession,  and 
the  inertia  is  subdivided  into  as  many  efforts  as  there 
are  carriages. 

Whether,  however,  the  changes  of  motion  of  the 
train  of  carriages,  is  effected  as  one  mass,  or  in  separate 
carriages ;  every  change  produces  either  a  jerk,  or  a 
shock,  or  both,  and  these  are  greater,  the  more  rapid 
the  rate  of  travelling,  and  it  required  some  contrivance 
to  obviate  this  inconvenience.  The  most  obvious  was 
a  spring,  by  which  the  blow,  or  jerk,  was  not  instan- 
taneously transmitted  to  the  other  carriages,  but  gra- 
dually, and  through  the  elasticity  of  the  springs.  Upon 
the  Liverpool  and  Manchester  railway,  which  was  the 
first  where  rapid  travelling  was  begun,  and  where  the 
necessity  first  existed,  the  carriages  were  fitted  up  witli 
springs  in  the  following  manner. 

Fig.  6,  Plate  F/.,  shews  the  plan  used  on  that  rail- 
way ;  an  elliptic  spring,  d  rf,  is  placed  horizontally  in  tlie 
middle  of  the  frame  of  the  carriage,  the  back  of  which 
rests  against  the  stop  at  c,  and  the  two  ends  rest  against 
the  stops  at  d  d.  The  dragging  chain,  6,  is  fastened  to 
the  middle  of  the  spring,  by  the  rod,  hi/ ;  and  the 
dragging  chain,  f,  is  fastened  to  the  ends,  d  rf,  of  the 
spring,  by  the  two  diagonal  rods,  ef  ef. 

Buffer  heads,  or  cushions,  stuffed  with  hair,  or  some 
other  elastic  substance,  g  g^khj  are  placed  at  the  ends 
of  the  outer  side  frames  of  the  carriage.  The  rods,  upon 
which  the  buffer  heads,  g  g^  are  fixed,  passing  through  the 
ends  of  the  side  frame  of  the  carriage,  and  these  side 
frames  being  constructed  of  two  pieces,  kept  apart  by 
studs,  the  rods  pass  within  the  frame,  through  the 
rests,  dd^  and  press  against  the  ends  of  the   elliptic 
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spring)  c.  These  rods  are  shewn  by  ^  g^.  Fig.  6.  The 
connexion  of  the  two  buffers,  h  h^  with  the  spring,  is 
more  complex.  Two  levers,  i  i,  are  fixed  upon  the  frame, 
to  one  end  of  each  of  which  the  buffers  are  connected 
by  the  rods,  /  / ;  the  other  ends  of  the  levers  being 
connected,  by  a  short  link,  to  the  ends,  rfrf,  of  the 
spring.  The  connecting  rods,  /  /,  running  in  an  oblique 
direction  from  the  line  of  the  buffer  heads,  the  latter  is 
kept  parallel  with  the  frame  by  a  rod,  sliding  through 
die  guides,  kk.  A  similar  apparatus  is  fixed  to  each 
carriage  of  the  train,  part  of  one  of  which  is  shewn  in 
the  plate. 

When,  therefore,  a  carriage  is  dragged  in  the  direc- 
tion of  the  two  darts,  the  jerk  occasioned  by  the  pull 
of  tlie  engine  is  resisted,  or  neutralised,  by  the  chain  6, 
and  rod  h\  Fig.  6,  Plate  F7.,  acting  against  the  spring 
at  c  ;  the  carriage  being,  in  fact,  put  into  motion  by  the 
ends^of  the  spring,  c,  acting  against  the  rests  at  d  d. 
The  carriage,  b,  is  then  put  in  motion  by  the  ends,  d  rf, 
of  the  spring,  acting  through  the  diagonal  rods,  e'  ef,  to 
the  chain,  f;  and  the  same  apparatus,  being  fixed  to  the 
carriage  b,  it  will  be  seen,   that  each  carriage  is  put  in 
motion  by  the  action  of  two  springs,  viz.  that  upon  the 
carriage  itself,  and  also  by  the  spring  upon  the  carriage 
next  preceding  it.     The  chain,  6,  it  ought  to  be  re- 
marked, is  attached  to  a  spring  upon  the  tender,  so 
that  this  carriage,  also,  is  acted  upon  by  two  springs. 
The  above  contrivance  effectually  operates  to  prevent 
the  blows  or  jerks  to  the  carriages,  by  a  sudden  increase 
of  velocity,  or  when  the  train  is  put  in  motion.     We 
shall  now  explain  how  it  operates   against  shocks,  or 
blows,  occasioned  by  any  sudden  diminution  of  velocity, 
or  when  the  train  is  stopped.     When  a  train  is  stopped, 
or  the  velocity  is  diminished,  the  inertia  of  the  car- 
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riage,  immediately  following  the  engine,  causes  it  to  run 
against  the  tender  frame,  and  each  carriage  to  strike 
against  that  next  before  it,  or  the  buffers,  n  n,  to  strike 
against  the  buffers,  h  h.  When  the  buffers,  h  h,  are 
struck  against,  they  are  pressed  forward,  and  act  against 
the  ends,  dd^  of  the  spring,  through  the  rods,  //,  and 
cross  heads,  t  i  ;  at  the  same  time,  the  buffers,  n  Uj  or, 
which  has  the  same  action,  the  buffers,  gg^  act,  through 
the  rods  ^  ^^  against  the  ends,  d  rf,  of  the  spring.  Thus, 
either  in  pulling,  or  pushing  the  carriages  ;  or  in  any 
variation  or  change  of  velocity,  the  spring,  a  a,  acts  to 
prevent  any  jerk,  or  blow,  to  the  body  of  the  carriage, 
and  any  unpleasant  shock  to  the  passengers.  Several 
other  methods  have  been  adopted  of  applying  similar 
elliptic  springs.  In  some  cases  another  elliptic  spring 
has  been  applied  to  the  back  of  dd,  in  the  middle  of 
the  frame,  in  which  case  the  dragging  chain,  ^  and 
buffer  heads,  h  hj  work  precisely  the  same  as  the  «hain, 
bj  and  buffer  heads,  g  g-,  on  the  other  end  of  the  car- 
riage ;  and  this,  indeed,  seems  to  be  a  better  application 
than  the  one  in  the  drawing,  as  the  cross  heads,  iu 
and  the  oblique  rods,  e  e  and  /  /,  are  done  away  with, 
and  the  force  applied  more  direct  from  the  dragging 
chains  and  buffers  to  the  springs,  than  in  the  other 
plan. 

The  wood  engraving.  Fig.  1,  opposite,  will  shew 
this  mode  of  applying  the  springs ;  a  a  and  (/  a',  will  be 
the  two  springs,  placed  back  to  back  against  the  cross 
sheth,  ^  ^.  Atddj'Mi  this  plan,  there  would  be  rests,  as 
in  Fig  6,  Plate  VL  ;  and  the  rod,  b  b\  would  be  applied 
to  the  spring,  a  a;  and  the  rod,  ff\  to  the  spring,  a!  a'. 
The  carriage  would,  in  this  plan,  be  dragged  by  the 
rests,  d  rf,  through  the  intervention  of  the  spring,  a  o,  in 
one  direction,  and  by  the  rests,  d!  d\  through  the  spring. 
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c^  a\  in  the  other  direction.  There  are  other  two  smaller 
springs  shewn  in  the  drawing,  but,  in  this  case,  we 
suppose  there  are  none.  All  the  buffers  will  then  act 
direct  against  the  ends,  d  d  and  d'  d\  of  the  springs. 
This  is  a  much  less  complicated  mode  of  application, 
than  the  preceding. 

A  modification  of  this  plan,  or,  rather,  an  extension 
of  it,  is  used  upon  some  railways.  Two  other  springs, 
ee»  M,  are  fixed  upon  the  frame,  independent  of  the 
long  transverse  springs,  and  the  couplhig  or  dragging 
chains  are  fixed  to  these.  The  carriages  are  dragged  by 
those  small  springs,  and  the  buffers,  alone,  made  to 
act  against  the  large  springs  ;  there  being,  in  this  case, 
no  rest  at  the  ends  of  the  large  springs,  the  ends  of  the 
rods  of  the  buffers  acting  directly  against  the  ends  of 
the  springs. 

And  it  will  be  seen,  that  if  rests  are  used  at  rf  rf  and 
rf'rf",  and  if  each  of  the  two  springs  are  fastened 
together  in  the  middle  ;  that  the  dragging  chains  will 
act  upon  one  large,  and  both  small  springs  at  once. 
Other  modifications  of  this  application  of  these  springs, 
in  the  middle  of  the  carriages,  might  be  described,  but 
which  the  ingenuity  of  the  reader  will  readily  supply. 
Another  modification  of  this  plan,  but  differently 
applied,  has  been,  to  fix  each  of  the  long  elliptic  springs 
near  the  ends  of  the  carriage,  or  between  the  first  and 
second  cross  sheths  of  the  frame,  or,  indeed,  in  some 
cases,  in  front  of  the  cross  sheth ;  the  side  frame  being, 
in  this  latter  case,  lengthened,  to  allow  for  the  elliptic 
projection  of  the  spring.  In  these  two  cases,  the  drag- 
chain  is  affixed  directly  to  the  middle  of  the  spring, 
and  the  buffer  ends  directly  to  the  ends  of  the 
spring ;  and  in  these  cases,  the  objection  of  the  great 
length  of  rods,  g^  g\  pushing  against  the  spring,  is 
obviated. 
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This  apparatus  is,  however,  rather  expensive ;  the 
springs,  rods,  levers,  and  bars  of  the  first  carriages, 
having  to  bear  the  resistance  of  the  entire  train,  require 
to  be  very  strong ;  and  from  the  number  and  lengtha 
of  the  rods,  especially  those  of  the  plan  in  Fig.  6,  they 
are  liable  to  get  twisted,  and  put  out  of  order ;  and 
likewise,  when  all  the  carriages  are  not  loaded  alike, 
they  will  not  be  all  in  the  same  line,  and,  conse- 
quently, the  buffer  heads  will  not  strike  each  other 
in  the  centre  of  the  buffer,  but  above,  or  below,  ac-. 
cordingly  as  they  are  loaded  ;  and,  consequently,  the 
blows  being  oblique,  considerable  strains,  and  twists,  will 
be  thrown  upon  the  buffer  rods,  and  render  them  liable 
to  get  out  of  order. 

Toobviatetheseobjections,  Mr.  Bergin,  of  Dublin,  con- 
trived a  different  kind  of  apparatus,  which  has  been  applied 
by  him,  with  great  success,  to  the  carriages  on  the  Dub- 
lin and  Kingstown  railway.  Fig.  7,  Plate  F/.,  is  a  repre- 
sentation of  this  plan  of  buffer  apparatus,  a  a  a  a,  are 
plates  of  sheet  iron,  three  inches  apart  from  each  other, 
three  sixteenths  of  an  inch  thick,  and  fastened  together 
by  rivets.  These  plates  rest  upon  turned  bearings,  on  the 
middle  of  the  axles,  and  are  fixed  to  the  iron  frame,  c  c  c  c, 
which  rests  against,  but  is  not  attached  to,  the  frame- 
work, and  cross  sheths,  b  b  b,  of  the  carriage,  d  d  d  d,  are 
hollow  tubes ;  part  of  the  framing,  c  c  c  c.  A  strong  iron 
rod,  E  E,  passes  from  one  end  of  the  frame  to  the  other,  to 
the  ends  of  which  the  buffer  heads,  f  f',  are  fixed,  and 
to  which  the  dragging  chains  are  also  attached.  This 
rod,  being  turned  round,  passes  through  the  hollow, 
tubes,  D  D  D  D,  resting  upon  the  rollers,  shewn  by  the 
dotted  lines  at  rrrr,  by  which  it  moves  back  and 
forwards,  very  freely.  Around  this  rod,  the  spiral 
springs,  shewn  in  the  drawing  at  1,  2,  3, 4,  are  placed;. 
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these  springs  rest,  or  abut  against,  the  hollow  tubes, 
D  D  D  D,  not  being  allowed  to  pass  within  them.    Tw^o 
collars  at  a  a,  are  fastened  to  the  rod,  e  e,   moving 
with  it,    and    against  which  the  other    ends  of    the 
springs  rest,  or  are  attached.     The  whole  of  this  appa- 
ratus resting  on  the  axles,  and  not  being  attached  to  the 
firame-work  of  the  carriage,  does  not  partake  of  the  rise 
and  fall  of  the  carriages,  when  subjected  to  different 
loads ;  the  oblong  holes,  shewn  at  b  b  b,  in  the  sheths, 
allowing  the  apparatus  to  move   up  and  down.    The 
buffer  heads,  and  rods,  e  e,  of  all  the  carriages  of  the 
whole  train,  are  thus  kept  in  the  same  line,  or  parallel 
with  the  level  of  the  rails  of  the  railway,  the  wheels 
being  presumed  to  be  all  of  the  same  size.     Suppose 
the  carriages  dragged  forward  in  the  direction  of  the 
upper  arrow,   the   collars,  a  a,  compress  the  springs, 
1  and  3,  and  which,  acting  against  the  boxes,  d  d,  and 
cross  frames,  b  b,  gradually  put  the  carriage  into  motion  ; 
and  if  the  carriage  is  to  be  moved  in  the  opposite 
direction,  the  collars,  a  a,  compress  the  springs,  2  and  4, 
which  act  in  a  similar  manner,  to  put  the  carriage  into 
motion.    The  rod,  e  e,  being  attached  to  the  next  car- 
riage by  the  drag-chains,  and  by  similar  rods,  it  will  be 
seen,  tliat  the   springs  of  one   carriage   are   entirely 
independent  of  the  other,  the  direct  resistance  of  the 
whole  train  being  upon  the  rod,  £  e,  and  the  other 
connecting  rods  of  the  several  carriages ;  the  irregu- 
larities of  motion  being  compensated  by  the  springs  of 
each  of  the  carriages  individually,  and  all  at  the  same 
moment,  when  the  velocity  is  increased.     When  the 
motion  is  diminished,  or  the  train  stopped,  the  concus- 
sion, or  blow,  is  neutralised  in  the  following  manner : — 
If  the  buffer,  f,  strikes  that  immediately  preceding  it, 
the  springs,  2  and  4,  are  compressed,  and  the  body  of 
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the  carriage  gradually  brought  into  the  change  of 
motion,  or  state  of  rest,  as  the  case  may  be ;  and  the 
buffer,  G,  striking  against  the  buffer,  f',  is  met  by  the 
elasticity  of  the  same  parts  of  the  spring.  When  the 
carriage  is  moved  in  the  opposite  durection,  or  in  that 
of  tlie  lower  arrow,  the  action  is  precisely  the  same ; 
only  that  the  springs,  2  and  4,  are  compressed  by  any 
increase  of  velocity,  and  the  springs,  1  and  3,  by  a  dimi- 
nution, or  when  the  train  is  stopped. 

Fig.  8,  Plate  J^L^  shews  a  plan  of  buffers,  by 
Mr.  Blackmore,  and  applied  to  the  carriages  on  the  New- 
castle and  Carlisle  railway,  likewise  shewn  in  Fig.  2, 
Plate  VIIL  1  1,  is  the  side  frame  of  the  carriage, 
and  5  5'5\  6  &  6",  7,  the  cross  sheths  of  the  framing. 
Two  cast'iron  hollow  tubes,  a  a,  are  fastened  to  the  cross 
sheths  by  bolts.  An  enlarged  cross  section  of  the  mode 
of  doing  so,  is  shewn  in  Fig.  9,  Plate  F/.,  55  being  the 
sheths,  and  a  the  tube ;  the  latter  is  put  together  in  two 
pieces,  as  shewn  in  Fig.  9,  for  tJie  purpose  of  inserting 
the  spiral  springs.  Fig.  8,  is  a  section  through  the 
middle  pf  the  box,  or  tube  ;  a  rod,  b  b,  and  c  c,  passes 
through  .each  of  these  tubes,  to  which  the  buffer  heads, 
F  and  Of  are  attached  ^  a  collar  is  fixed  upon  the  rods 
at  o  and  e.  When,  therefore,  the  carriage  is  dragged  in 
the  direction  ^ewn  by  the  upper  arrow,  the  spring 
resting  against  the  end,  h,  of  the  tube,  gradually  puts 
the  carriage  into  motion  j  and,  if  there  are  other  car- 
riages attached  to  the  rod,  c,  the  spring  acting  against 
the  end»  i,  of  the  box,  drags  the  other  carriage  into 
motion,  and  so  on  throughout  the  whole  train.  Whj^n 
the  carriage  is  moved  in  the  opposite  direction,  a  simik^. 
action  t^kes  place.  In  the  case  of  a  diminution  pf 
motion,  or  when  the  train  is  stopped,  and  the  bu£^r, 
heads  are  brought  into  action,  the  springs,  acting  against 
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the  opposite  ends  of  the  box,  are  compressed,  and  gra- 
dually bring  the  carriages  to  a  state  of  rest.  By  having 
the  diameter  of  the  rod,  b  b,  a  little  larger,  from  h  to  b, 
and  K  to  B,  and  likewise  within  the  rest  at  d,  forming  a 
shoulder  at  those  places ;  and  by  having  a  moveable 
collar,  acting  against  the  shoulder,  and  embracing  the 
end  of  the  springs,  then  both  compartments  of  the 
springs  are  brought  into  action  at  the  same  time.  Thus, 
when  the  buffer,  f,  is  drawn  outwards,  the  collar  at  d, 
acting  against  the  shoulder  of  the  rod,  compresses  the 
spring  against  h,  and  the  same  with  the  collar,  k,  which 
presses  the  spring  against  the  rest,  d  ;  then,  if  the  buffer 
be  forced  inwards,  the  loose  collars  at  h,  and  on  the 
right  hand  side  of  the  rest  at  d,  acting  against  the 
shoulder  of  the  rod,  compress  the  springs  against  the 
rest,  d,  and  the  end  of  the  box  at  k,  while  the  rod 
moves  through  the  loose  collars  on  the  left  side  of  the 
rest  at  d,  and  at  k.  Fig.  10  shews,  on  a  large  sciile, 
the  buffer  head,  with  the  ring,  to  which  the  dragging 
chain  is  attached. 

Both  these  last-described  buffers,  act  in  the  middle  of 
the  carriage  in  dragging,  and  also  when  the  carriages 
strike  against  each  other,  and  are  liable  to  tJie  ob- 
jection of  the  carriages  rising  and  falling  with  the  in- 
equality of  load;  and  although  the  object  of  Mr.  Bergin*s 
patent,  was  to  obviate  the  oscillatory  motion  of  the  car- 
riage, yet  the  action  of  both  dragging  and  pushing  the 
carriages,  in  the  middle  of  the  sheth,  has  been  objected 
to  by  some  engineers,  as  producing  the  effect,  which  it 
was  the  object  of  the  patent  to  obviate. 

It  will  be  seen  by  Fig.  6,  Plate  F/.,  that  the  car- 
riages are  dragged  by  the  middle  of  the  shetlis,  and  the 
buffers  are  applied  at  each  side,  and  that  the  ends  of 
the  buffers  do  not  meet  against  each  other,  but  that  a 
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certain  space  is  allowed  by  the  drag-chain.  It  has  been 
found  in  practice,  that  unless  the  ends  of  the  buffers 
are  perfectly  square  with  the  body  of  the  carriage,  or  with 
the  line  in  which  the  carriage  is  moving,  and  especially 
in  going  round  curves ;  that  the  buffers  on  one  side, 
striking  against  each  other,  throw  the  carriage  into  an 
oblique  direction,  and  produce  a  continued  oscillatory 
motion.  Mr.  Henry  Booth,  of  Liverpool,  produced  a 
new  plan  of  applying  the  buffers,  for  which  he  obtained 
a  patent  in  January  1836. 

The  wood  engraving,  opposite  page  218,  shews 
this  plan,  which  consists  of  keeping  the  buffer  heads 
constantly  in  contact  with  each  other,  by.  the  springs 
acting  upon  them  with  a  certain  degree  of  pressure. 
This  is  accomplished  by  shortening  the  drag-chain,  and 
fixing  upon  them  draw-screws,  to  produce  the  neces- 
sary pressure  against  the  buffer  heads.^  Upon  the  drag- 
chains,  hf,  are  placed  screws,  working  within  two  long 
linksy  or  shackles,  the  sockets  of  which  are  spirally 
threaded  to  receive  the  screw-bolts.  These  screws  are 
worked  by  a  short  lever,  /,  upon  which  a  ball  is  placed, 
to  prevent  the  lever  from  turning  round ;  but,  in  prac- 
tice, this  is  not  found  necessary. 

Fig.  2,  is  a  view  of  the  chain,  and  screw  shackles,  on 
a  scale  double  that  of  Fig.  1,  or  one  inch  to  a  foot,  and 
Fig.  S,  is  a  cross  section  of  the  lever. 

The  drag-chains  being  placed  upon  the  hooks  of  the 
bars  of  the  carriages,  the  screw  is  turned  until  the 
buffer  heads  are  brought  together ;  when  the  screw  is 
turned  round  two  or  three  times  more,  until  their  ends, 
pressing  against  the  springs  of  the  carriage,  produce  a 
pressure  against  each  other,  equal  to  about  a  fourth  or 
fifth  of  the  elasticity  of  the  springs.  This  plan  is  adopted 
on  the  Liverpool  and  Manchester,  the  Grand  Junction, 
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and  the  London  and  Birmingham  railways,  and  appears 
to  answer  all  the  expectations  of  the  patentee ;  who 
states,  that  "  it  gives  to  a  train  of  carriages  a  com- 
**  bined  steadiness  and  smootbn^  of  motion,  at  rapid 
"  speeds,  which  they  have  not,  when  the  buffers  of 
^*  6ach  carriage  are  separate  from  those  of  the  a^ioining 


(( 


carriage 


»f 


I 


< 


^     T 


!     J  ■      I 


I* 


. « i  I  ■      ■ '    4. 


.»•■•'#.•'..•     1 


.''    '.I  ?;  K. 

'  ■ '.     -.    ■.      if 


MOT];WE^  90WXR   USED   AT   VARIOUS  ^SmODS.     227 


■■'•,*'*■ 


CHAPTER  VL 

DESeiUPnON  OF  THE  IHFFERENT  KINDS  OF  MOTIVE 
POWER  USED  ON  RAILROADS,  AND  THE  DISPO- 
SITION OF  THE  ROAD  FOR  THEIR  APPLICATION. 

§  1. — Different  Kinds  of  Motive  Power  used  at  various 

Periods  on  Railroads. 

In  the  early  periods  of  the  history  of  railroads, 
horses  were  exclusively  used ;  the  disposition  of  the 
general  line  of  the  road,  into  proper  or  uniform  degrees 
of  mclination^  seems  then  to  have  been  an  object  of 
little  moment.  Most  of  the  railroads,  descending  in  the 
direction  the  goods  were  to  be  conveyed,  afforded  an 
e^  draught  to  the  loaded  carriages,  and  the  descent 
was  never  so  great,  but  that  the  empty  carriages  could 
be  drawn  up  the  acclivities.  In  some  of  the  deep 
ravines,  mounds  of  earth  were  thrown  up,  and  some 
sudden  and  abrupt  acclivities  partially  levelled ;  but 
trifling  undulations  do  not  appear  to  have  been  noticed. 
The  horses,  therefore,  would,  along  the  same  line  of 
road,  be  frequently  subjected  to  very  fluctuating  degrees 
of  draught.  Upon  some  of  the  old  waggon  ways,  the 
horse  was  sometimes  very  heavily  strained,  and  his 
action  was,  at  other  times,  not  at  all  required.  When 
the  \eaggons  reached  some  of  the  more  rapid  declivities, 
it  was  the  custom  to  unhook  the  horse  from  the  fore 
part  of  the  waggon,  and  cause  him  to  follow  behind,  the 
waggons  running  of  themselves.  The  horse  thus  followed, 
until  he  arrived  at  a  part  of  the  road^  where  the  waggon 
would  no  longer  run  down ;  he  was  then  again  &stened 
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to  the  waggon,  until  he  arrived  at  another  declivity, 
where  his  action  was  not  required  ;  and  it  was  no  un- 
common thing,  to  find  him  thus  changed  several  times 
in  the  course  of  his  journey.  The  only  motive  power, 
for  a  long  time  after  the  introduction  of  railways,  was 
horses,  and  so  long  as  the  wooden  rail  continued  in 
use,  the  general  load  was  from  two  to  three  tons,  in- 
cluding the  weight  of  the  carriages.  The  only  guide, 
in  the  formation  of  the  road,  appears,  then,  to  have  been 
to  enable  the  horse  to  drag  that  weight,  and  the  road 
was  sloped  accordingly.  It  is  interesting,  to  trace  the 
gradual  advancement  towards  the  present  state  of  im- 
provement, from  the  old  roads,  to  those  successively 
formed,  at  the  different  steps  of  their  progress ;  and  the 
quantity  of  goods  conveyed,  at  diflFerent  periods,  ex- 
emplify it,  in  a  very  distinct  manner.  While  the  wooden 
rails  without  plates  continued,  the  road  followed,  almost 
always,  the  undulations  of  the  surface,  except  to  avoid 
steep  ascents  ;  and  where  there  was  a  separate  ro^d  for 
the  empty  carriages,  the  latter  invariably  did  so.  No 
attempts  seem  to  have  been  made,  to  avail  themselves 
of  the  action  of  gravity  down  the  steep  planes  j  and 
the  most  disastrous  effects  were  occasionally  produced, 
by  the  waggons  running  "amain,'*  down  the  steep 
declivities.  A  brake,  or  convoy,  being  used,  to  regulate 
their  descent,  this  brake  was  pressed  by  the  man  >^ith 
more  or  less  force,  according  to  the  declivity  of  the 
road,  or  the  velocity  with  which  he  wished  the  waggons 
to  descend.  In  wet  or  damp  weather,  the  wheels^  by 
licking  up  the  dirt  and  mud  from  the  rail,  became  so 
slippery,  that  the  action  of  the  brake  was  almo3t  4e- 
stroyed ;  and  the  attendant  having  thus  no  power  over 
the  loaded  carriage,  it  frequently  got  away,  destroying 
every  thing  in  its  course,  perhaps  killing  the  horses  that 
happened  to  be  upon  the  declivifyi  and  was,  finally. 
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dashed  to  pieces  at  the  bottom.  These  accidents  were 
not  uncommon,  and  the  destruction  caused  by  them, 
and  the  narrow  escapes  which  the  men  themselves  fre- 
quentifj  experienced,  are  m  the  recollection  of  many 
now  living.  To  obviate  this  inconvenience,  in  wet 
weaflier,  boys  and  men  were  employed,  strewing  ashes 
upon  the  rails  down  the  steep  declivities,  or,  as  they 
were  termed,  **runs,"  to  cause  the  brake  to  take  effect ; 
and,  in  some  states  of  the  weather,  where  very  steep 
declivities  occurred,  the  work  was  obliged  to  be  stopped 
entirely.  ' 

Frequently,  on  these  very  steep  descents,  for  many 
days  the  work  was  laid  off,  on  account  of  the  weather ; 
a  sudden  shower  of  rain  occurring,  when  any  of  the 
waggons  were  upon  the  declivity,  set  the  whole  away  ; 
and  men  were  stationed  to  draw  ropes,  as  booms,  across 
the  Ime  of  road,  to  stop  their  progress.  If  the  ropes 
could  be  drawn  across  before  the  momentum  became  very 
grea^  the  damage  was  less ;  but  if  they  broke  the  ropes^ 
then  the  most  disastrous  effects  followed.  When  the 
double  wooden  way  came  into  use,  plated  with  iron, 
and  w^iere  occasional  ascents  intervened,  more  care  was 
taken  iii  forming  the  road,  and  a  horse  was  enabled  to 
take  a  chaldron  waggon,  containing  fifty-three  hundred 
weight  of  coals,  exclusive  of  the  weight  of  the  empty 
waggoti;  still,  however,  the  evil  occasioned  by  the 
waggons  **  running  amain,''  down  the  steep  declivities^ 
remained. 

When  cast-iron  wheels  were  introduced,  the  hind- 
wheels  of  the  waggon  were  still  made  of  wood,  that  the 
brake  might  be  enabled  to  take  a  better  hold,  in  regu- 
lating the  descent.  The  brake,  for  a  long  time,  only 
acted  upon  the  hind- wheels,  and,  in  that  case,  I  sup- 
pose, they  found  it  necessary  to  retain  the  wooden 
wheels,  to  secure  sufScient  hold*     After,  it  was  pro- 
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longed  bfeyond  the  fulcrufm,  and  tnade  to  act  upon  both 
wheels,  the  effect  being  doubled;  we  presume  they 
found  its  action,  upon  the  cast-iron  wheels,  sufficiently 
powerful,  on  such  descents  as  they  traversed,  to  secure 
the  proper  hold,  and  the  wooden  wheels  were,  therefore, 
relinquished. 

The  next  improvement  being  the  adoption  of  iron 
Wils,  the  load  of  the  horse  was  increased,  to  nearly 
double  the  quantity  heretofore  taken  upon  the  wooden 
rail,  and  this  also  led  to  a  complete  change  in  the  for- 
mation of  the  road.  By  the  substitution  of  iron  rails, 
the  resistai^ce  was  so  much  diminished,  that  the  brake 
could  no  longer  afford  security  to  the  waggons  descend- 
ing steep  hills ;  and  recourse  was  obliged  to  be  had  to 
other  tnodee  <rf  descending  them,  and  restraining  the 
velocity  of  the  waggons.  It  is  supposed,  that  those  cir- 
cumstances led  to  the  adoption  of,  what  is  called,  the 
"  self-acting  inclined  plane,'*  on  which  the  surplus 
gravity  of  the  loaded  waggons  was  usefully  employed,  in 
dragging  the  empty  ones  up  the  plane. 

Th6  pt^vailing  means  of  draught  then  were,  horses 
upon  the  level,  or  slightly  descending^  or  ascending, 
lines  of  road ;  and  self-acting  planes,  upon  the  steep 
declivities. 

Afterwards,  when  the  steam  engine  became  the  pre- 
valent moving  power,  for  almost  every  other  mechanical 
purpose,  its  action  was  employed  upon  railroads,  in 
dragging  the  waggons  up  ascents,  on  the  line  of  road, 
by  means  of  a  rope,  extending  from  the  engine  to  the 
Waggons. 

And,  lastly,  the  power  of  locomoticm  was  given  to 
the  steal*  engine ;  and  it  was,  in  that  manner,  applied 
to  drag  the  waggons^  along  the  more  level  parts  of  rail- 
roads, without  the  intervention  of  a  rope. 

Having  thus  given  a  brief  outline  of  the  various 
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species  j  of'  motive   power,   successively  employed    in 
ttftnspofting  goods  along  railroads,  we  shall  now  de- 
SGrfliei^themimder  their  respective  heads,  viz. : 
•  Ift^  Ho]j$esi9 

i  %'••  Oravky^  acting  as  self-acting  planes. 
3.  Steam  engine,  fixed,  with  ropes. 
4.7.Stmw«eiigine9  with  locomotion. 

f  ••  I  •    I  .  r     !  ■  ■ 

.' iM  '      :•  §2. — Horses. 

Any  description  of  this  species  of  power  would  be 
quite'sjap^erAiious.  Of  all  quadrupeds,  the  horse  is  the 
best  aclapted  for  use,  as  a  moving  power,  especially  in 
tlie' tva^'^Qiat  his  muscular  action  is  here  employed. 
In  drag^ihg  rarriages  upon  a  railroad,  we  can  always 
adap^  the  fine  of  draught,  to  the  direction  of  his  mus- 
cul^'|()rce,  so  that  the  greatest  effect  is  thrown  upon 
thcf  line  of  traction. 

'When  a  horse  makes  an  effort  to  drag  a  carriage,  he 
bends  his  body  forward,  and  throws  that  part  of  his 
weight  upon  the  collar,  which  is  required  to  overcome 
fhp  resistance  of  the  carriage  ;  and  the  muscular  force 
of'his  legs  is  employed  to  keep  up  his  action,  and  to 
move  his  body  forward.  His  effort,  then,  is  resolvable 
into  two  parts,  viz.,  the  action  upon  the  load,  and  that 
rl^iiired  to  urge  his  own  body  forward.  No  very  satis- 
factory experiments  have  yet  been  made,  to  ascertain 
the  precise  amount  of  each;  or  what  proportion  the 
constant  eiertion,  which  a  horse  is  capable  of  bestowing 
upon  tlie  load,  bears  to  his  own  weight. 

Dr.  Desagulier  states  the  effect  at  200  lbs.,  moved  at 
ttie  rate  6f  two  miles  and  a  half  an  hour,  fbr  eight  hours 
a  iiiiy ;  or  ^00  lbs.,  twenty  miles  a  day.  Mr.  Smeaton 
found  his  performance  less.  Mr.  Watt  dtates  it  at 
150  lbs.,  moving  two  miles  and  a  half  an  hour. 
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Assuming,  therefore,  150  lbs.  as  the  amount  of  a 
horse's  power,  at  that  velocity  which  should  be  kept  up 
in;Ca^V€yipg  gpods  along  a  railro^dy  and  that  a  mode- 
ratdy  ^ed  horse  will  weigh  about  10  cwt,  or  IISO  lbs. ; 
"W^  are  aware,  that,  occasiooall^j  he  imay  be  able  to 
exert  considerably  more  power  upon  the  load,  but  it 
must  be  at  the  expence  of  ,time»  and  should  not, 
therefore,  enter  into  the  calculalion*  Taking,  how- 
ever, this  assumption  as  our  datum,  wj^'  ,may  reckon 
h^  niuscular  exertion  divided  into  eight  parts,  seven 
of  ^which  are  required  to  urge  his  own  weight  forward, 
aip4  Qlie,  that  of  the  load.  Now,  if  the  acclivity  of 
t^e  ro^d  be  so  increased,  until  the  gravity  of  the 
l^orse's  own  weight  amount  to  that  proportion  of  his 
power,  which  he  is  capable  of  exerting  upon  the  load, 
tten  the  muscular  effort  will  he  the  same,  in  both  cases. 
He  is  capable  of  exerting,  upon  the  load,  a  fproe  ^ual 
tQavthe  seventh  part  of  his  own  weight ;  therefore^  the 
angle  of  inclination  will  be  about  S""  15' ;  or,  upon  an 
ascent  of  one  in  seven,  the  exertion  required,  to  over- 
come the  gravity  of  the  horse's  own  weight,  is  equal 
to  the  force  which  he  is  capable  of  bestowing  upon  the 
load,  on  a  level  plane. 

.  In  laymg  out  a  railroad,  therefore,  with  a  view  of 
employing  the  motive  power  of  horses,  all  ascents^  in 
the  directicm  of  the  load,  should  be  carefuUy  avoided ; 
the  diminution  of  the  power  of  the  horse  being  so  very 
great,  that  very  little  effective  power  will  be  1^  for 
the  action  upon  the  load.  Even  on  moderate  acclivi- 
ties, the  Tos^  should,  if  the  level,  between  the  two  ends 
of  the  line,  will  not  admit  of  a  moderate  inclination ;  be 
divided  into  successive  platforms,  separated  by  short 
Mscending  planes,  upon  which  some  other  species  of 
}iower  should  be  employed. 
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j§  %!T;t  Qr^i^y*    Selfiacting  Planes. 

iS^faej^&vt'ihfimckictian  of  inclined  pknes,  whereon 
theij^ri^tyof^  heavy  body  downwards,  was  employed 
td  aiisbt,-''4>r  :^i£fect,  the-  moving  of  a  less  heavy  body 
iqp^^aiplttle^  indited  to  the  horizon;  appears  to  have 
be^  itpcfit  canals,  where  the  weight  of  the  loaded 
boM^^  t}0Wi^i^  down,  was  made  to  draw  the  empty 
boabrmpO  sloping  plane,  from  one  level  to  another. 

In^'the  jyj^  1788,  Mr.  Reynolds  completed,  at  the 
Ketley'^imk^  works,  an  inclined  plane,  formed  of  a 
dou$>leihx)n  ndlroad,  by  which  a  loaded  boat,  in  passing 
dowii^a  ^me,  constructed  for  the  purpose,  drew  up 
thk  lioats^  which  were  empty.  Since  that  time,  many 
itidincd  planes  have  been  made  upon  railroads,  for  the 
purpose  of  -  drawing  up  the  empty  carriages,  by  the 
gnintating  power  of  the  loaded  carriages  down  the 
ptone^  On;  public,  and  other  railroads,  where  the  quan- 
tity of  the  goods  to  be  conveyed  is  fluctuating,  and  is, 
or  is  likely  to  be,  the  same  in  both  directions,  this 
species  of  power  cannot  be  resorted  to. 
^' It  is;onfy  where  a  preponderance  of  goods  has  to  be 
conveyed  in  one  direction,  and  where,  upon  any  de- 
tdivities  occurring  in  the  line  of  road,  that  prepon- 
derance is  capable  of  overcoming  the  gravity  of  the 
retiiming  carriages,  that  the  action  of  gravity  can  be 
used  to  advantage. 

It  will,  therefore,  be  of  importance,  in  the  subject 
of  railroad  conveyance,  to  ascertain  upon  what  declivi- 
ties, with  a  given  preponderating  load,  this  power  is 
available. 

:  The  object  of  all  such  inclined  planes  being,  to 
convey  down  a  certain  quantity  of  goods,  in  a  given 
time,  and  to  do  this  with  the  l^ust  expenditure  of 
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power ;  in  forming  a  railroad,  therefore,  with  a  view 
c£  using  this  species  of  traction,  it  is  not  only  necessary 
<Aat  the  descent  of  the  plane  be  such,  as  to  give  a 
prieponderance  to  the  loaded  carriages,  over  those 
Vrhich  are  empty,  but  such  a  preponderance  as  will 
cause  them  to  descend,  and  drag  up  the  etapty  car- 
riages, with  the  requisite  velocity. 

If  vre  give  to  the  plane  a  greater  inclination  than 
requisite,  we  expose  the  rope  and  carriages  to  an  un- 
necessary strain,  and,  consequently,  to  additional  wear 
and  cost ;  and  if  the  inclination  be  not  sufficient^  the 
proper  peiformance  will  not  be  accomplished. 

Art  1. "^Theory  of  Inclined  Planes. 

We  shall,  therefore,  first  of  all,  endeavour  to  develope 
the  laws  which  govern  bodies  descending  inclined  planes ; 
and,  afterwards,  give  such  practical  illustrations  as,  we 
trust,  will  render  the  subject  a  matter  of  easy  calculation 
to  those  interested. 

The  phenomena  of  falling  bodies  is  now  well  known, 
and  the  laws  by  which  they  are  governed,  in  descend- 
ing inclined  planes. 

The  force  with  which  a  body  is  accelerated  down  an 
inclined  plane,  is,  to  the  whole  gravitating  force  of.  the 
body  falling  freely,  as  the  height  of  the  plane,  is  to  its 
length,  or  as  the  sine  of  the  inclination  of  the  plane. 

.Let  Hnthe  height  of  the  plane. 
L=xits  length. 

w= weight  of  the  descending  body.     Then  the 
gravitating  force  of  the  body  down  the  plane,  which 

may  be  expressed  by  G,  will  be  g= (1).  Or,  making  i 

the  inclination  of  the  plane,  we  have  g=w  sin.  i. 
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If  we  make  r=:l6^  feet,  the  space  which  a  body 
•will  descend  in  a  second,  by  filing  freely,  and  €=:^e 

time  in  seconds,  then  s  =  sin.  i  rt\  or  s=—  x  r<'  (2), 

w 

and  <z:v/-I-._or<=\/-A-  (3). 
^  .  Gr  ^  ^     sm.  I  r 

Foir  instance,  if  the  height  of  the  plane  be  equal  to 
the  thirty-sixth  part  of  its  length,  or  the  descent  be 
one  inch  in  a  yard,  then,  (by  th.  1.)  the  force,  by  which 
the  body  is  urged  down  the  plane,  wiU  be  equal  to  the 
thirty-sixth  part  of  its  weight ;  and  (th.  2.)  the  space, 
wiiich  it  Vill  describe  in  the  first  second  of  time,  will 
be  the  thirty-sixth  part  of  1 6^  feet,  or  5ii-  inches ;  and, 
by  the  laws  6f  falling  bodies,  the  spaces  passed  over, 
being  jus  the  squares  of  the  times,  the  space  described, 
at  the  end  6f  any  other  time,  will  be  equal  to  the  square 
X]f  that  tifne,  multiplied  by  5H-  inches ;  and  the  time 
of  descending  the  plane,  will  be  equal  to  the  square 
root  of  the  length  in  inches,  divided  by  5^  inches. 

This  will  be  true,  when  the  body  descends  the  plane, 
by  sliding^  and  without  friction ;  but  as,  in  practice, 
thte  carria^s  are  generally  placed  upon  wheels,  which 
roH  down  the  plane,  and  none  are  without  friction,  We 
must,  therefore,  make  allowances  for  these  causes  of 
retardation ;  otherwise  the  result,  in  practice,  will  not 
accord  with  the  theorem. 

If  a  wheel,  a,  roll  down  an  inclined  plane,  making  g 
the  centre  of  gravity,  o  the  centre  of  oscillation,  and  s 
the  point  of  suspension }  then,  the  force,  which  accele- 
rates the  centre  of  gravity  down  the  plane,  will  be  that 
part  of  the  accelerating  force  of  gravity  expressed  by 

—  X  — ;  ^^  G =-|5^  s"^*  ^  (*)•   The  friction  of  carriages, 

moved  on  railroads,  will  be  afterwards  shewn  not  to 
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diflfer,  materially,  from  a  uniform  resistance ;  we  may, 
therefore,  express  the  resistance,  opposed  by  friction,  to 
the  body  moving  freely  down  the  plane,  by  f,  and 
consider  the  gravitating  force,  diminished  in  amount, 
e^ual  to  F,  or  to  the  force  opposing  the  free  motion 
of  the  body  down  the  plane,  by  the  resistance  of 
friction.     Hence,   retaining  the  former  symbols,   we 

have  s=-|^  sin.  i  —  f  x  rt^  (5),  and,  consequently, 

F  =  »^  sin.  I- 1-  (6). 
so  r/«  ^  -^ 

The  above  formula,  is  on  the  supposition,  that  the 
eiitire  body  rolls  down  the  plane ;  but,  in  the  case  of 
wheel  carriages,  the  wheels  only  roll  down,  while  thie 
body  of  the  carriage,  travels  at  the  same  rate  of  speed  as 
the  centre  of  gravity,  g.  Let  w=  the  weight  of  the 
body  o£  the  carriage,  ti>= the  weight  erf  the  wheels: 

Then  G=(^±^LliI±Lli       t=^-^Z^ 

s=G— Fxr<«.  p=o— — -  (7)- 

Or,  M  it  may  be  more  convenient  to  express  the  resist- 
ance in  lbs.,  the  following  notation  may,  for  practice, 
be  retained : — 

^       .           (w4-ti?i^)xs     (8). 
F=:w+z^  sm.  I — -j7 — 


and  consequently  <=  \/  ("^  +  ^80)  ^  s 

(w+w)  sin.  I— Fxr  ^^^* 

We  can  thus  determine  the  friction,  f,  of  any  carriage 

or  waggon,  by  the  formula  (8),  by  causing  it  to  descend 

a  plane  of  a  known  declivity,  and  ascertaining  the  space 

passed  over  in  a  given  time ;  the  difference  between  the 

space  actually  passed  over,  and  that  which  the  carriage 

ought  to  have  described,  in  descending  freely,  will  be 
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the  diminution  by  the  effect  of  friction,  and  will  b^  9 
correjct  estin^ate  of  its  amount. 

This  applies  to  a  body,  or  a  system  of  bodies,  descend- 
ing an  inclined  plane,  opposed  only  by  their  own  fiiQ^ 
tionand  inenia ;  but,  in  practice,  the  principal  use  nuide 
of  this  species  of  motive  power  is,  in  employing  the 
preponderwce  of  a  descending  train  of  loaded  car- 
riages, to  drag  the  returning  empty  carriages  up  the 
plktie. '  The  gravitating  force  of  the  descending  train 
of  carriages  is  then,  not  only  opposed  to  their  own 
inertia,  and  friction,  but  also  to  the  inertia,  friction,  and 
gravity,  of  the  ascending  train  of  carriages ;  and  if,'  as 
must  always  be  the  case,  the  motion  of  these  trains;  is 
effected  by.  means  of  a  rope,  passed  over  a  roU^  ov 
w^eelf  at  the  top  of  the  plane,  and  over  small  sheeves^ 
uppn  the  whole  length  of  the  plane ;  we  must,  there-* 
foi^  in  applying  the  previous  theorem  to  practice,  take 
all  those  resistances  into  consideration. 

Let  w^  represent  the  inertia  of  the  ascending  train  of  car- 
riages, rope,  wheel  at  the  top,  and  sheeves  upon  the  plane. 

F'=the  friction  of  the  descending  train  of  carriages, 
the  friction  of  the  ascending  train,  their  gravity,  and 
the  friction  of  the  rope,  wheel,  and  several  sheeves  upon 
the  plane.  And  g=w^  the  gravitating  force  of  the 
descending  train,  or  moving  power. 

Then   s=  .   ^~o_^^^><rt'  (10). 

.    t^./Ti±^M±?hl  (11).      . 

V  o-F'xr  '^     ^ 

Tlm8V=G-0!L=!ii%^?O21i    (12). 
The  preceding  expression  of  V,  is  composed  of  the 
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wdght  of  the  descending  carriages,  and  inertia  of  the 
wheel  and  sheeves ;  the  former  is  readily  known,  but 
the  force  required,  to  overcome  the  vis  inertias  of  the 
latter,  and  give  them  the  proper  velocity,  will  depend 
much  upon  the  form  of  the  different  sheeves,  &c.  In 
any  system,  revolving  round  an  axis,  passing  through 
the  centre  of  gravity,  the  resistance,  which  each  par- 
tide  opposes  to  a  change  in  its  angular  motion,  is,  as 
t|ke  square  of  the  distance  from  the  centre  of  motion. 
Iq  ordei:,  therefore,  to  find  the  force  necessary  to  put 
th^  sheeves,  &c.  into  motion  : — 

Let  Q  =  the  quantity  of  matter,  or  weight  of  the 
biHhf  ;  s  R  =  the  distance  of  the  centre  of  gyration,  from 
the  $pds  of  motion  ;  and  s  d  =  the  distance  from  the  axis, 
^t  which  the  force  is  applied  to  communicate  motion  to 

the  sheeve  ;    then  —§55—  supposed  to  be  placed  at  the 

distance  s  d,  from  the  centre  of  motion,  will  represent 
the  same  resistance  to  angular  motion,  as  if  the  weight 
of  each  particle  was  multiplied  into  its  distance  £com 
the  axis. 

It  is  not*  perhaps,  necessary  to  pursue  the  enquiry 
with  that  minuteness,  as  to  ascertain,  either  by  expe-r 
riment  or  calculation,   the  distance   sr;  if  we  take 

'        =  '5,  w  being  1,  it  will  be  suflSciently  near  for 

practice.  If,  therefore,  a  =  the  inertia  of  the  ascend- 
ing train,  =  a'  +  a^  |?  ;  a  being  the  weight  of  the  body 

of  the  carriage,  and  a*  that  of  the  wheels ; 

&  ^  the  weight  of  the  rope  j 

c  =  the  inertia  of  each  wheel  or  roll,  and  C  that  of 
the  sheeves,  =  half  their  weight  j 

Then  w'=a+ J +€+{/. 
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And  if  F  s  the  £riction  of  the  descending  train  ; 

1^  p:  the  fiicticm  of  the  ascending  train ; 

,  g  cs  their  gravity  ; 
I   .     -!f  ?:  the  fnction  of  the  rope,  sheevesi  &c. 

*  Then  t'zz  g    (^-^-^^^  ^•*- ^'^•^^+^-'"Ox  «' 

rfi 

Consequently  r':=F+/+g*+ ? ;  and,  therefore,  having  the 

firiction  ef  the  carriages,  and  their  gravitating  force,  the 

firicdon  of  the  tope,  &c,,  will  be  (p  =  if'^T+f-^  g  (18). 
in  the  application,  therefore,  of  the  inclined  plane, 
to  practice,  it  will  be  requisite,  as  before  stated,  that 
the  quantity  of  work  should  be  done  with  the  least  cost ; 
and  this^'^ndll  be  accomplished,  when  the  descent  of  the 
fimke  is  «iich,  as  will  perform  the  work  required,  without 
laying  luiy  unnecessary  strain  upon  the  rope  employed 
for  the  purpose.   This  can  be  effected,  either  by  employ- 
ing a  commensurate  number  of  carriages  upon,  or  by 
giving  ^additional  elevation  to  the  plane. 
■   Any  body,  or  system  of  bodies,  placed  upon  a  plane 
inclined  to  the  horizon,  will,  if  the  gravitating  tendency 
of  the  body  down  the  plane  exceed  its  friction,  b^in 
to  descend,  and  its  motion  will  be  accelerated,  accord- 
ing to  the  laws  of  falling  bodies,  and  will  pass  down  the 
plane  in  a  certain  time ;  and  this  will  be  the  same, 
wjbatever  be  the  number  of  carriages.     But^  if  we  enw 
ploy  this  system  of  bodies,  or  train  of  carriages,  to  drag- 
tip  a  certain  number  of  empty  carriages,  by  means  of  a 
rope,  we  shall  require  a  certain  preponderance  of  gravi- 
tating force,  to  accomplish  it  in  a  given  time.     We  can, 
therefore,  either  increase  the  number  of  carriages,  until 
the  aggregate  sum  of  their  gravitating  forces  amount 
to  this  preponderance;  or,  we  can,  by  elevating  the 
plane,  increase  each  individual  gravitating  force,  until 
we  acquire  the  same  preponderance. 
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If  we  are  restricted,  as  to  the  number  of  carriages 
that  can  be  conveyed  down  at  a  time,  we  must  then, 
necessarily,  have  recourse  to  the  latter  method;  but, 
if  no  such  restriction  exists,  we  can  then  give  to  the 
plane  that  elevation,  which  will  perform  the  work  with 
the  best  effect  The  proper  inclination  of  planes  can- 
not, however,  be  found  without  a  perfect  knowledge 
of  all  the  circumstances  attending  their  mode  of  action ; 
such  as  the  friction,  the  wear  of  ropes,  &c.  We 
shall,  therefore,  pass  over  these  considerations  at  this 
time,  and  refer  to  them  again,  when  we  shall  have 
detailed  the  experiments  made  to  ascertain  these^fiwts  ; 
and  shall  now  proceed  to  describe  the  mode  of  action, 
of  self-acting  planes  upon  the  railroads,  in  the  neigh- 
bourhood of  Newcastle,  where  their  use  has  been  very 
extensive. 

Art.  2. — Description  of  Apparatus  for  Self-acting 

Planes. 

Fig.  1,  Plate  /X,  represents  a  ground  plan  of  tlie 
wheel,  WW,  of  a  self-acting  plane,  round  the  rim  of 
which  the  rope  winds,  by  which  the  loaded  carriages 
drag  the  empty  ones  up  the  plane.  The  wheel  is 
generally  of  cast  iron,  about  six  feet  in  diameter,  with 
six  spokes,  and  a  grooved  rim,  for  the  rope  to  wind 
upon ;  the  groove  being  only  of  sufficient  width  to  hold 
the  rope  within  it,  as  the  wheel  moves  round,  conse- 
quently, the  rope,  when  in  action,  only  passes  round 
one  half  of  the  wheels  from  atoh. 

At  the  top  of  the  plane,  a  square  hole  is  dug,  the 
sides  of  which  are  lined  with  masonry,  the  top  being 
nearly  upon  the  same  level  as  the  railroad ;  the  wheel 
is  then  placed  between  two  frames  of  timber,  the  upper 
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of  which,  a  h  and  c  d,  are  shewn  in  the  drawing.  They 
are  kept  steady  by  the  diagonal  braces,  e  e.  The  car-* 
riages  on  which  the  axle  runs  are  placed  on  the  front 
of  these  frames,  the  upper  one  at  g,  and  the  other 
immediately  below  it,  on  which  the  ends  of  the  axle 
that  sustains  the  wheel  rest,  and  on  which  it  is  at 
liberty  to  run  freely  round. 

At  the  top  of  the  inclined  plane,  a  certain  space  of 
ground,  for  about  twenty  or  thirty  yards,  (varying 
according  to  the  number  of  carriages  run  down  at  a 
time,)  is  made  level,  on  which  the  loaded  carriages 
remain,  until  they  are  to  be  lowered  down,  and  on 
which  the  empty  ones  stop,  after  their  passage  up  the 
plane ;  at  the  end  of  this  level  platform,  and  furthest 
from  the  top  of  the  plane,  the  wheel  is  placed,  a  little 
below  the  surface  of  the  rails,  and,  being  covered  over, 
the  rails  are  laid  down  upon  it,  as  shewn  by  the  dotted 
lines.  The  plane  is  then  formed  into  a  proper  slope, 
between  the  platform,  or  level,  at  the  top,  on  which  the 
wheel  is  placed ;  and  the  lower  extremity,  where  a 
similar  flat,  or  piece  of  level  road,  is  made,  for  the 
descending  train  of  waggons  to  land  upon.  The  slope 
is  either  uniform,  or  such  as  the  nature  of  the  ground 
will  permit.  Sometimes  it  is  necessary  to  make  con- 
siderable bends,  or  curves,  in  the  line  of  the  road ;  but, 
whatever  be  the  form  or  length  of  the  slope,  it  must 
always  be  terminated  at  each  end  by  these  level  plat- 
forms. The  narrower  parallel  lines,  in  the  drawing,  will 
shew  the  rails  as  laid  down  upon  the  platform ;  the  * 
wheel  being  placed  below  the  level  of  the  rail,  and  the 
square  hole  being  covered  up,  the  rails  pass  over 
upon  the  cover.  In  the  drawing,  the  rails  are  broken 
off  at  k  kf  the  cover  being  removed,  to  slie?w  the 
whedi. 

R 
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The  plane  wheel  being  placed  below  the  surface  of 

the  rails,  it  is  fixed,  with  a  little  inclination  upwards,  so 
that  the  rope  may  lead  to  the  surface.  From  this,  to  the 
bottom  of  the  plane,  small  horizontal  sheeves  are  placed, 
for  the  rope  to  run  upon,  as  well  to  keep  it  from 
dragging  along  the  ground,  as  to  diminish  its  friction, 
ss,  FigAf  shews  one  variety  of  these  sheeves,  and  g 
another  variety.  In  the  first  of  these,  the  periphery,  on 
which  the  rope  runs,  is  flat,  and  it  is  not  intended  tliat 
the  rope  should  rub  against  the  sides,  while  in  the  other 
plan,  the  rope  fills  the  whole  of  the  periphery  whereon 
it  runs.  The  former  plan  was  adopted,  to  prevent  the 
rubbing  action  of  the  sides  of  the  sheeves  against  the 
rope,  but  the  latter  is  the  plan  now,  almost  universally, 
used.  G  is  an  end  view,  h  a  side  view,  and  i  and  k, 
different  parts  of  the  same  sheeve.  These  sheeves  are 
fixed  to  stone  blocks,  or  wooden  sleepers.  1 1,  is  a  plan, 
and  K,  an  elevation,  of  the  stands  on  which  the  sheeves 
are  fixed,  and  by  which  they  are  placed  upon  the  stone 
blocks ;  I  is  a  cast-iron  frame,  with  socket  holes,  1  2. 
The  inner  side  of  the  socket  prefects  upward,  as  shewn 
at  S  3,  in  figure  k  ;  to  these  the  wooden  uprights,  5  5, 
are  bolted,  the  lower  ends  of  which  pass  within  the 
sockets,  12.  A  diagonal  hole^  equal  in  breadth  to  the 
diameter  of  the  axle  of  the  sheeve,  is  cut  from  the  side 
of  the  wooden  upright,  5  5,  terminating  in  the  middle, 
and  the  axle  being  placed  within  this,  it  runs  upon 
this  stand,  as  seen  in  FVg.  g.  The  holes,  4  4,  are 
cast  in  the  base  of  the  stand,  for  pins  to  fasten  tlie 
stand  to  the  blocks.  In  h,  two  braces,  b  6,  are  shewn, 
but  they  are  seldom  used;  these  sheeves  are  placed 
perfectly  vertical,  where  the  line  of  road  is  straight  j 
but  in  .the  curves,  they  are  placed  at  angles  with 
the  horizon,  in  proportion  to  the  radius  of  the  curve. 
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The  dimensions  of  the  sheeves  are  generally  eleven 
inches,  with  wrought-iron  axles,  of  about  three  quarters 
of  an  inch  in  diameter,  and  they  are  placed  upon  the 
plane  at  intervals  of  from  eight  to  ten  yards  distant 
from  each  other  ;  the  intention  being,  that  they  should 
be  of  such  a  height  from  the  ground,  and  at  such 
distances,  as  that  the  weight  of  the  rope,  between 
each  sheeve,  should  not  cause  it  to  drag  upon  the 
ground* 

The  dotted  line,  a  a.  Fig.  1,  may  be  supposed  to  re- 
present the  one  end  of  the  platform,  and  the  top  of  the 
plane*  Three  rails,  r  r  r^,  are  laid  from  this  part  down  the 
plane,  of  the  requisite  width  between  each  rail,  for  the 
carriages  to  run  upon,  so  that  both  the  ascending  and 
descending  trains  pass  upon  the  middle,  and  upon  one 
of  the  outer  rails,  and  they  are  continued  to  where  the 
one  train  of  waggons  has  to  pass  the  other*  The  three 
rails  are  then  made  to  branch  into  four,  in  the  same 
manner  as  from  a  a  to  b  b^  so  as  to  form  two  distinct 
lines  of  railway ;  and  they  are  thus  continued  for  such 
a  distance,  as  to  allow  the  ascending  and  descend- 
ing  carriages  to  pass  each  other.  These  four  rails, 
then,  converge  into  two,  or  a  single  line,  of  road, 
as  shewn  at  c  c,  and  are  so  continued  to  tlie  bottom 
of  the  plane,  so  that  the  parallel  lines,  as  shewn 
in  the  drawing,  will  represent  a  complete  passing, 
in  the  middle  of  the  plane*  The  empty,  or  as- 
cending carriages,  will  be  at  c  c,  when  the  loaded 
caixiages  are  at  a  a,  and  they  will  pass  each  other 
near  j>'  e^ 

The  plan  of  laying  down  the  rails,  and  the  mode 
of  action  of  this  description  of  plane,  will  be  best 
seen,  on  reference  to  Fig.  %  Plate  X.  Suppose  the 
plane  wheel,  w,  placed  at  w,  instead  of  the  two  rolls,  a  b  ; 

R  2 
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then  that  figure  represents  the  rails,  of  an  entire  self- 
acting  plane ;  w  being  the  level  platform  at  the  top^ 
w'  the  same  at  the  bottom,  and  e  the  passing  place, 
on  the  middle  of  the  plane,  c  and  d  being  the  top 
and  bottom  of  the  plane ;  the  loaded  and  empty 
carriages  passing,  alternately,  down  opposite  sides  of  the 
plane* 

When  used  for  passing  boats,  from  one  level  to  an- 
other, upon  canals,  and,  also,  on  several  railroads,  a 
double  line  of  road  is  laid,  from  top  to  bottom  of  the 
plane,  as  shewn  in  Figs.  5  and  8,  Plate  X.,  with  a 
double  line  of  rollers,  or  sheeves,  and,  in  some  cases, 
three  rails,  the  entire  length  of  the  plane,  as  in 
Fig.4fi  but  the  reader  will  perceive,  that,  in  most 
cases,  the  one  above  described  will  answer  precisely 
the  same  purpose.  In  very  short  planes,  the  obU- 
quity  of  the  road,  in  passing  from  a  single  to  a 
double  line,  will  cause  a  retardation  to  the  carriages, 
and,  also,  additional  friction  to  the  rope ;  but  upon 
long  planes,  this  is  scarcely  felt,  and  the  cost  of  a 
double  road,  the  whole  distance,  would  be  considerably 
greater. 

When  the  slope  of  a  plane  is  not  uniform,  descend- 
ing more  rapidly  in  some  parts  than  in  others,  or 
when  the  descent  is  so  great,  as  to  give  more  than 
a  requisite  preponderance  to  the  moving  power,  a 
brake  is  applied  to  the  periphery  of  the  inclined 
wheel,  to  equalise,  or  regulate,  the  velocity  of  the 
carriages  down  the  plane  ;  and,  in  many  instances, 
men  traverse  the  plane  with  each  train  of  waggons, 
and  apply  the  brake,  or  convoy,  of  tlie  carriages,  to 
check  their  velocity,  when  required.  The  brake,  upon 
the  inclined  wheel,  will  be  perceived  to  have  no 
power,  in  checking  the  velocity  of  the  carriages,  more 
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than  what  is  equal  to  the  hold  the  rope  takes,  upon 
the  wheel,  in  passing  round  its  semi-periphery;  for, 
if  the  excess  of  gravity,  of  the  loaded  carriages,  above 
what  is  required,  to  overcome  the  whole  retarding* 
forces,  be  greater  than  the  hold  of  the  rope,  the 
wheel  may  be  completely  stopped,  and  the  rope  slide 
round  the  wheel,  which,  in* some  instances,  might 
be  attended  with  danger.  Such  a  wheel,  as  described 
in  Fig.  1 ,  Plate  IX.9  cannot,  therefore,  be  used,  where 
the  excess,  or  preponderance,  of  gravity,  is  such,  as  to 
make  the  rope  slide  round  the  wheel,  when  the  brake 
is  applied. 

Many  other  plans  of  employing  gravity,  as  a  moving 
power,  have  been  resorted  to,  by  different  persons.  In 
very  steep  places,  horizontal  rolls,  similar  to  a  b. 
Fig.  2,  Plate  X.^  have  been  used,  where  the  descend- 
ing train  unwinds  the  rope,  from  one  barrel,  and,  at  the 
same  time,  winds  the  rope  upon  the  barrel  of  the  re- 
turning carriage ;  which  rope  is  again,  in  its  turn,  un- 
wound by  the  descending  train.  In  such  a  combination, 
the  brake  can  be  employed  with  any  degree  of  force 
thought  proper,  as  the  rope  and  barrel  are  one  machine, 
and  the  rope  cannot  move  round,  without  moving  the 
barrel  round  also.* 

Fig.  3,  Plate  IX.^  shews  a  method  of  acquiring  an 
increase  of  friction,  upon  the  wheel,  at  the  top  of  the 
plane,  where  the  preponderance  of  gravity  is  such,  as 
to  cause  the  rope  to  slide  round  the  wheel,  shewn  in 
Fig.  1.    This,  it  will  be  seen,  is  effected  by  causing  the 

*  The  first  self-acting  inclined  plane,  erected  near  Newcastle- 
upon-Tyne,  was  by  the  late  ingenious  Mr.  Barnes,  on  which  the 
descending  train  of  waggons  drew  up,  out  of  a  pit  or  well,  sunk 
to  the  summit,  a  plummet  of  considerable  weight,  which  plummet, 
in  its  descent,  drew  the  empty  carriages  up  the  plane. 

R  3 
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rope  to  cross,  in  front  of  the  wheel,  by  the  horizontal 
sheeves,  a  a,  by  which  the  rope  neariy  encircles  the 
entire  periphery  of  the  wheel.  In  this  case,  the  wheel 
is  a  little  inclined,  from  the  horizontal,  so  that  the 
ropes  may  cross  each  other. 

Skeleton  waggons,  loaded  with  metal,  are  sometimes 
made  use  of,  to  overhaul,  or  drag,  the  rope  down  the 
plane,  by  which  the  empty  waggons  were  drawn  up ; 
and,  also,  at  the  same  time,  to  drag  the  rope  up  the 
plane,  by  which  the  descending  train  was  lowered,  for 
the  purpose  of  allowing  the  descending  train  always  to 
pass  down  the  same  line  of  road,  and  the  ascending 
train  to  travel  up  a  different  road,  each  having  a  sepa- 
rate rope.  We  do  not  see,  however,  that  this  mode  can 
be  of  advantage,  except  under  very  peculiar  circum- 
stances; for  the  moving  power,  in  this  case,  is  sub- 
jected to  a  resistance,  equal  to  double  the  amount 
of  the  friction,  of  the  rope ;  and  the  rope  is,  also, 
subjected  to  a  similar  excess  of  strain,  above  what 
exists  in  the  common  form  of  plane,  where  the  loaded 
carriages  always  pass  down  that  road,  which  the  empty 
ones  traverse  upwards,  and  vice  versa.  The  mode  by 
which  the  carriages  are  made  to  pass  from  one  line  to 
another,  upon  the  self-acting  plane,  is,  at  once,  simple 
and  effective,  and  is  done  without  the  aid  of  manual 
labour. 

The  rails  laid  down  in  Fig.  1,  Plate  IX.  j  represent,  as 
before  stated,  an  entire  passing  place.  Thus,  the  rails  be- 
tween F  and  G,  Fig.  1,  shew  the  plan  of  causing  the  car- 
riages  to  pass  between  f  and  g.  Fig.  2,  Plate  X.  The 
ledge,  or  projecting  flange,  which  directs  the  wheels  of  the 
carriages  upon  the  rails,  is  upon  the  inner  side  of  the 
rim  gf  the  wheels,  and,  consequently,  travels  on  the 
inner  side  of  the  railroad.     When  the  rails  diverge  into 
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four,   and  thus  form  two  separate  roads,  as  from  a  a 
to   B  B,   Fig.  1,    Plate   /X,    two   rails    are    made   to 
join   into   one,  as  shewn  in  the  figure;  and  the  car- 
riages,  in  the   different  tracks,   pass  into  the  double 
road,  without  the  least  obstruction,  as  will  readily  be 
seen  on  inspecting  the  drawing ;  keeping  it  always  in 
mind,  that  the  projection,   which   guides  the  wheels, 
traverses  against  the   inside  of  the   rail.     Again,   in 
passing  from  a  double  line  into  the  single  one,  viz., 
along  the  road,  b  b,  towards  a,  it  will  be  perceived, 
that  the   carriages   will   be  inclined  to  traverse  that 
track  only ;  but,  in  passing  from  a  single  line  into  a 
double  one,  as  from  c  c^  to  w  m,  and  n  /i,  some  'con- 
trivance is  necessary,  to  direct  the  carriages  into  the 
proper  track.     For  this  purpose,  rails,  moveable  on  a 
centre,  as  shewn  at  g g^  Fig.  2,  PlatelV.j  are  used; 
which,  being  made  to  block  up,  as  it  were,  the  opening 
into  the  wrong  road,  and,  at  the  same  time,  to  act  as  a 
check,  to  direct  the  wheels  into  the  proper  one,  per- 
form  the   desired   effect     Thus,   suppose  a  train   of 
waggons   to   have   passed  down   mm  to  c,  then   the 
moveable  rail,  "  switch,**  or  "  pointer,**^  will  be  thrown 
out  from  the  rail,  into  the  position  shewn  in  the  draw- 
ing ;  and  the   opposite  one,  f\  will  be  pushed  dose 
against  the  inner  side  of  the  opposite  rail,  as  also  shewn 
in  the  drawing.     Then,  on  the  return  of  the  next  train 
of  carriages,  which  will  be  the  ascending  ones,  they  will 
pass  up  the  same  side,  m  m  ;  for  the  rally"  will  prevent 
them  from  passing  up  the  other,  and  this,  the  reader 
Mrill  perceive,  is  the  track  they  ought  to  pass  up,  being 
that  which  the  loaded  carriages  descended.     The  as- 
cending train  passing  up  d'  d,  the  descending  train  will, 
of  course,  pass  down  to  e  e'.    When  it  arrives  at  the 
moveable  rails,  or  switches,  it  will  put  them  into  the 
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reverse  position ;  f  will  be  pressed  against  the  inner 
side  of  the  rail  c,  and^^  will  be  thrown  out,  by  the 
flange  of  the  wheel,  into  the  position  of  the  dotted  lines, 
after  the  descending  train  has  passed  ;  which,  it  will  be 
perceived,  is  that  position,  which  is  required  to  direct  the 
returning  carnages  into  the  road  e  e',  up  which  they 
are  to  pass. 

Gravity  being  a  moving  power  so  very  economical, 
it  is  of  the  utmost  importance,  that  its  aid  be  extended 
to  every  situation,  and  in  every  case  where  its  applica- 
tion is  available.  Friction  being  the  great  obstacle, 
in  the  extension  of  its  application,  it  is  desirable,  that 
every  means  be  tried  to  exterminate  it,  as  much  as 
possible. 

The  plan  drawn  in  Fig.  1,  Plate  IX. j  will,  we  are 
inclined  to  imagine,  be  found  to  be  a  mode  of  applica^ 
tion,  by  which  the  annihilation  of  friction  has  been 
eflfected,  to  as  great  an  extent  as  by  any  plan  yet  devised. 
It  has  this  to  recommend  it,  that  it  has  been  very  ex- 
tensively used,  in  a  district  where  almost  every  means 
has  been  resorted  to,  in  the  economy  of  conveying 
goods,  and  where  every  other  plan  has  yielded  to  its 
adoption,  when  the  diminution  of  friction  became  an 
object.  The  simplicity  of  the  construction  of  this  kind 
of  wheel,  and  the  manner  of  placing  it,  concealed  from 
injury,  and  sheltered  from  the  weather,  are,  also,  cir- 
cumstances which  recommend  it,  in  addition  to  the 
consideration  of  diminishing  the  friction.  Barrel-rolls, 
where  the  rope  winds  upon  itself,  have  been  used,  as 
before  stated,  when  the  excess  of  preponderance  ren- 
dered it  necessary ;  but,  these  requiring  double  ropeSi 
the  other  plan  is»  on  that  account,  superior. 

The  amount  of  friction  being  always  proportionate,  to 
the  extent  of  rubbing  surface,  by  placuig  the  rope  upon 
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sheeves,  and  causing  it  to  pass  down  the  plane,  along 
their  peripheries ;  we  diminish  it,  in  the  ratio  of  the 
diameter  of  the  sheeves  to  the  diameter  of  the  axle. 
Hence,  the  larger  the  diameter  of  the  sheeves,  the 
better,  provided  the  weight  of  the  sheeves  is  not 
thereby  increased.  It  is  also  necessary,  that  the  sur- 
face of  the  sheeves,  whereon  the  rope  traverses,  when 
running,  is  always  of  the  same  radius  ;  for,  if  the  rope 
runs  upon  a  surface  not  every  where  the  same  distance 
from  the  centre  of  motion,  it  must  experience  a  rub- 
bing, from  the  different  velocities  of  the  surface  of  the 
sheeves  at  the  different  radii ;  the  velocity  of  the  rope 
in  every  part  being  the  same,  similar  to  a  flat  sur£ice, 
rolling  along  the  periphery  of  a  conical  sheeve.  In 
some  of  the  sheeves,  shewn  in  the  drawing,  the  surface, 
whereon  the  rope  runs,  is  quite  flat,  with  side  flanches, 
to  keep  the  rope  on  j  but  the  width  will  appear  greater 
than  requisite,  being  on  an  enlarged  scale.  The  general 
width  is,  from  three  to  four  inches,  and  the  diameter, 
where  the  rope  runs,  from  eleven  to  twelve  inches ; 
and  the  weight  about  twenty-one  to  twenty-five  pounds. 
In  the  other  plan,  for  the  purpose  of  reducing  the 
weight,  the  surface,  where  the  rope  runs,  is  made  con- 
cave, nearly  equal  to  the  size  of  the  rope,  and  the 
weight  is,  generally,  about  twenty  pounds,  the  diameter 
being  about  twelve  inches. 

The  limit  in  the  application  of  self-acting  planes  will 
be,  when  the  preponderance  of  the  gravitating  force,  of 
the  descending  train  of  carriages,  is  not  sufficient  to 
drag  the  ascending  carriages  up  the  plane,  with  the 
requisite  velocity,  and  always  upon  descending  lines  of 
road. 
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§  4. — Steam  Engines j  fixed  upon  Ascending  Planes. 

The  preceding  planes,  as  before  stated,  are,  neces- 
sarily, descending  planes ;  down  which  the  goods  are 
supposed  to  be  conveyed,  and  up  which  only  the  empty 
carriages,  or  a  very  small  portion  of  returning  carriages 
of  goods,  are  supposed  to  ascend.  In  the  construction 
of  general  lines  of  road,  extending  from  place  to  place, 
distant  from  each  other,  and  between  which  the  face 
of  the  country  is,  perhaps,  uneven,  undulating,  and  hilly, 
we  cannot  always  divide  the  line  into  platforms,  or 
stages,  with  descending  planes;  when  we  traverse 
such  lines,  we  frequently  meet  with  acclivities,  which 
cannot  possibly  be  avoided,  up  which  the  loaded  car- 
riages must  be  conveyed.  Also,  in  public  lines  of  road, 
where  the  traffic  is,  perhaps,  the  same  in  botli  direc- 
tions ;  or,  even,  though  the  preponderance  may  be  in  one 
direction,  where  loaded  carriages  occasionally  have  to 
pass  and  repass,  it  is  necessary,  that  a  passage  should, 
at  all  times,  be  afforded  to  the  transit  of  goods.  We 
shall,  therefore,  now  describe  the  means  which  have 
been  employed;  to  surmount  such  ascents,  with  the 
loaded  carriages,  or  to  traverse  such  general  lines  of  road. 

We  have  previously  described  the  action  of  two 
kinds  of  motive  power,  viz.,  horses j  and  gravity.  The 
former  has  been  explained,  to  be  limited  in  action  to 
very  inconsiderable  acclivities  ;  the  latter,  to  declivities 
solely.  The  kind  of  power,  which  is  tlie  subject  of  this 
section,  will  be  applicable  to  all  other  inclinations  of 
road }  whether  they  be  level,  ascending,  descending,  or 
undulating.  It  will  not  here  be  attempted  to  point  out 
the  particular  degree  of  inclination,  or  elevation,  which 
should  be  observed,  in  surmounting  the  summit  of  a 
hill ;    nor  how  far  it  may  be  advisable  to  divert  the 
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line,  to  obtain  a  certain  inclination  of  plane,  or  to 
avoid  such  a  rising  ground.  That  part  of  the  subject 
will  be,  more  properly,  discussed,  when  we  are  fully 
acquainted  with  the  expences  of  surmounting  different 
acclivities. 

We  shall,  therefore,  first  of  all,  describe  the  different 
methods  of  surmounting  those  ascents,  which  occur  in 
some  of  the  principal  raih'oads  that  have  come  under 
our  observation  ;  and,  afterwards,  compare  the  effect  on 
different  planes,  with  each  other,  by  which  we  may  be 
able  to  deduce  some  practical  data,  for  the  guidance  of 
engineers,  in  laying  out  the  most  advantageous  line,  or 
the  most  beneficial  inclination  of  planes,  across  the 
country,  through  which  a  railroad  is  to  be  carried. 

The  practice  of  dragging  boats  upon  canals,  from 
one  level  to  another,  to  save  lockage  water,  by  means 
of  sloping  planes,  has  long  been  in  use ;  but  the  intro- 
duction of  steam  engines,  to  drag  carriages  up  ascend* 
ing  planes,  upon  railroads,  is  comparatively  recent. 
Mr.  S.  Cooke,  in  1808,  erected  an  engine  upon  Birtley 
Fell,  in  the  county  of  Durham,  to  draw  the  loaded  car- 
riages of  the  Urpeth  Colliery,  across  the  Durham  and 
Newcastle  turnpike  road,  up  a  steep  ascent ;  and, 
since  that  time,  they  have  been  much  used  upon  the 
railroads  in  the  neighbourhood  of  Newcastle. 

The  following  are  the  different  kinds  of  planes  with 
which  we  are  acquainted,  and  the  manner  of  surmount- 
ing them. 

Art.  1. — Descending  Planes^  with  sufficient  Oravitt/to 
enable  the  Carriages  to  drag  a  Rope  after  them. 

Descending  planes,  or  inclinations,  where  the  gravity 
of  the  carriages,  which  have  to  pass  downwards,  is 
sufficient  to  drag  the  rope  after  them  ;  by  which  rope, 
the  returning  train,   is  drawn  up  by  a  steam  engine. 
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This  kind  of  plane,  may  be  formed  of  a  single^  ox  double 
line  of  road.  If  single^  one  train  of  carriages  only  is 
in  action  at  a  time,  and  one  rope  only  is  used;  the 
descending  train  drawing  the  rope  out  from  the  engine, 
upon  the  plane,  to  which  the  ascending  carriages  are 
attached,  and  they  are  thus  drawn  up  by  the  engine. 
If  double,  then  there  is  a  double  line  of  road,  or  one 
similar  to  a  self-acting  plane,  with  a  passing  place  in  the 
middle ;  the  descending  train  of  carriages  passing 
down  on  one  side,  while,  at  the  same  time,  the  ascend- 
ing train  is  drawn  by  the  engine  up  the  other.  In  this 
latter  case,  if  there  be  any  excess,  or  preponderance 
of  gravity,  in  the  descending  carriages,  beyond  what  is 
requisite  to  drag  the  rope  down  the  plane ;  this  pre- 
ponderance comes  in  aid  of,  and  assists  the  engine,  in 
dragging  the  ascending  carriages  up  the  plane. 

The  above  kinds  of  planes,  are  principally  used  in 
private  railroads,  or,  on  those  where  the  quantity  of 
goods,  descending  the  plane,  is  considerably  greater 
than  the  quantity  ascending;  and  where  the  transit 
can  be  regularly  carried  on,  and  the  rate,  at  which  the 
goods  are  to  be  conveyed,  is  no  object;  as  it  will 
readily  be  seen,  that  there  must  be  as  great  a  number 
of  descending  trains  of  carriages,  as  will  drag  the  rope 
out  as  many  times,  as  tliere  are  ascending  trains  to  be 
brought  up,  and  that  the  nature  of  the  traffic  is  such, 
as  will  allow  of  the  trains  to  be  thus,  alternately,  passed 
up  and  down ;  the  descending  train  waiting,  until  the 
ascending  train  is  brought  up,  or,  vice  versd. 

These  inconveniences  may  be  modified,  by  erecting 
powerful  engines,  to  drag  up  a  great  number  of  car- 
riages at  a  time,  if  there  is  not  an  adequate  number  to 
descend ;  or  skeleton  carriages,  loaded  with  metal,  or 
other  lieavy  substances,  might  be  made  use  of,  to  drag, 
at  all  limes,  llie  rope  down  the  plane.    But  both  these 
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latter  modes,  throw  a  great  and  unnecessary  strain  upon 
the  rope ;  and,  perhaps,  should  only  be  resorted  to  on 
extraordinary  occasions. 

In  the  use  of  this  plane,  retaining  the  same  notation, 
as  for  the  self-acting  plane ;  then  the  inclination  of  the 
plane,  or  number  of  carriages,  taken  down  at  a  time,  to 
accomplish  the  descent  in  the  time,  t,  must  be  such  as  that 

GH*sin.i=F'+C^^±^^84^±^±i-^«    (14). 

(w  +  Z£7l§+6  +  C  +  5)    S 
172 ^         +T  +  (p 

or,  sin.  1= r (15). 

w+ * 


And  <=\/Cw-fM^  |gHh6  +  c+^  &)  s       ^^g^^ 

(g  +  i^  sin.  I — f')  X  r 
And  the  power  required  to  drag  the  returning  car- 
riages, up  the  plane,  in  the  time,  #,  will  be 

p=G+F  +  f>+^  6  sm.  1+^ ^^—^^ ^ —   (17> 

^      P — (G  -I-  F  +  (f  ^  ^  sin.  i)  X  r     ^     ^ 

Art.  2. —  Where  Goods  are  to  he  conveyed  on  a  Descend- 
ing  Plane,  the  Inclination  of  which  is  not  sufficient, 
to  enable  the  Descending  Carriagesj  to  drag  the  Rope 
after  them. 

Suppose  the  plane  formed  of  two  separate  lines  of 
road,  or  with  three  rails,  branching  out  in  the  middle 
into  two  separate  lines ;  where  tlie  ascending  and  de- 
scending trains  pass  each  other,  and  a  wheel,  similar  in 
every  respect  to  that  previously  described,  in  the  self- 
acting  plane,  is  placed  at  the  bottom  of  the  plane.  Each 
train  is  thus  furnished  with  its  separate  roll  and  rope, 
and  a  rope  passing  round  the  wheel,  at  the  bottom  of 
the  plane,  is  attached  to  the  other,  or  opposite  end  of 
the  trains,   to  that  to  which  the  rope  worked  by  the 
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engine  is  attached.  When,  therefore,  one  train  is  drawn 
up  the  plane  towards  the  engine,  the  rope  attached  to 
the  other  end  of  the  train,  passing  round  the  wheel  at 
the  bottom,  drags  the  descending  train  down  the  plane ; 
and  thus  the  carriages  are  drawn,  alternately,  up  and 
down  the  plane,  whatever  be  the  inclination.  It  will 
readily  recur  to  the  reader,  that  it  is  not  necessary,  for 
the  action  of  this  kind  of  machinery,  that  the  plane  have 
any  specific  degree  of  inclination,  as  lines  perfectly 
horizontal  may  be  traversed  by  the  same  mode ;  and  it 
need  not  be  restricted  to  isolated  planes,  but  any  dis- 
tance may  be  worked,  in  the  same  manner,  by  a  series 
of  such  machinery. 

The  formula  for  this  kind  of  plane  will  be,  when  the 
plane  has  any  degree  of  inclination, 

P=Ly-t-i^-r«p-r^-r ^ ^-^ — ]— o(19). 


V  p -f  o — ff '{' T -\-  (p +f  X  r  ^     ^* 

And,  where  the  plane  is  horizontal,  o  and  g  vanish,  and 
consequently 


and  /-\/(^-*-^l^  +  fl^-h  g^g^+  ^  +  c  +  iOs  ,^N 

^  P—  (F  +  ^+/)  XT  ^^^>'' 

Art.  3. — Dovhle  Planer  with  an  Engine  on  the 

Summit. 

When  a  hill  is  to  be  passed,  the  opposite  sides  of 
which,  form  planes  of  sufficient  inclination,  to  enable  the 
descending  carriages,  to  drag  the  ropes  after  them,  an 
engine  is  placed  upon  the  summit.  In  some  cases, 
when  the  traffic  is  not  great,  a  single  rope  roll  and 
rope  are  used ;   the  .train,  on  the  one  side,  is  drawn  up, 
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and,  passing  underneath  the  rope  roll,  descends  the 
opposite  plane,  unwinding  the  rope  from  the  roll ;  and 
when  the  train  reaches  the  bottom,  the  rope  being  then 
attached  to  the  returning  train,  it  is  drawn  up,  passes 
the  engine,  and  descends  the  opposite  plane,  and,  in  this 
case,  a  single  line  of  road  only  is  necessary,  (No.  1.) 
In  other  cases,  where  the  traffic  is  greater,  by  proper 
passing  places  at  the  top,  one  train  is  made  to  ascend 
one  side  of  the  hill,  while  another  descends  on  the 
opposite  side  (No.  2.) ;  or  both  sides  are  furnished  with 
double  lines,  and  both  are  worked  at  the  same  time 
(No.  3.) ;  and  if  the  inclination  is  not  sufficient,  to 
enable  the  descending  trains  to  drag  the  ropes  after 
them,  wheels  are  placed  at  the  bottom,  with  ropes 
working  round  them,  as  before  described,  (No.  4.) 

In  these  planes,  for  No.  1.  the  power  required  to 
drag  the  carriages  up  either  plane,  will  be  the  same  as 
(theorem  17),  the  time  being  (theorem  18)  ;  and  the 
degree  of  inclination,  necessary  to  cause  the  carriages 
to  descend  the  plane  in  the  time  <,  will  be  (theorem  15). 
In  the  case  No.  2,  for  the  descending  train  of  carriages,  let 

G+^b  sm.  1-1^+^^ — fi  — =^  C^)» 

and  p,  per  formula  (theorem  17),  for  the  ascending 
train. 

Then  p  p,  the  power  required  to  drag  the  as- 
cending train  up  the  plane ;  at  the  same  time  that 
another  train  of  carriages  is  passing  down  the  opposite 
plane. 

And  for  the  plane  No.  3,  the  formula  (theorem  19,) 
will  represent  the  power  required  for  each  plane  j  and 
if  the  plane  is  horizontal,  as  No.  4,  then  the  formula 
(theorem  21,)  will  apply. 
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Art.  4. — Successive  Engine^  Planes  from  one  End  of 

the  Line  to  the  otlier. 

By  forming  the  whole  line  into  a  succession  of  engine 
planes,  and  employing  fixed  engines,  reciprocating  with 
each  other,  to  convey  the  goods  the  whole  distance. 
This  is  done,  by  dividing  the  whole  line  into  stages  of 
certain  lengths,  at  each  end  of  which  stages,  a  fixed 
engine  is  erected.  Each  of  these  engines,  being  pro- 
vided with  proper  machinery,  (hereafter  to  be  de- 
scribed), drags  a  train  of  carriages,  by  means  of  ropes 
attached  to  one  end  of  the  train,  from  the  opposite  end 
of  the  stage,  towards  itself ;  and,  at  the  same  time,  a 
rope  being  attached  to  the  other  end  of  the  train,  it 
drags  that  rope  from  oflf  the  roll  of  the  engine,  at  the 
pther  end  of  the  stage,  which  rope  is  afterwards  em- 
ployed in  dragging  back  the  returning  carriages.  Each 
engine  is,  therefore,  provided  with  two  rope  rolls,  one  of 
which  is  dragging  the  carriages  towards  the  engine, 
while  the  rope  is  unwound  from  off  the  other  roll,  by 
being  attached  to  the  other  end  of  the  train,  dragged 
along  by  the  engine ;  and  by  reversing  the  process, 
the  carriages  are  similarly  dragged  in  the  opposite 
direction. 

The  engines,  in  this  manner,  form  a  series  from  one 
end  of  the  line  to  the  other ;  reciprocating  with  each 
other,  and  has  been  made  the  subject  of  a  patent,  by 
Mr.  B.  Thompson,  then  of  Ayton  Cottage.  This  mode 
is  not  confined  to  a  single  line  only,  where  the  car- 
riages are  dragged,  alternately,  backwards  and  forwards, 
between  the  engines ;  and  where  each  train,  when  it 
arrives  at  the  end  of  the  stage,  is  obliged  to  remain 
there,  until  the  remaining  carriages  traverse  the  plane. 
A  double  line  may  be  used,  when  a  continued,  and  un- 
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interrupted  transport  may  be  effected,  except  the  stops, 
by  changing,  at  the  respective  engines. 

The  formula,  for  this  mode  of  working,  when  the 
plane  is  single,  will  be,  where  w  and  a  represent  the 
weight  of  the  respective  trains, — 

When  the  plane  is  quite  horizontal. 


and  t  =  ./w+l^+a'+al^+ft+c+iOxs 

(p— F+^+/")xr  ^     '-* 

When  the  planes  are  not  horizontal,  then 


and  t -  J^A^+^^jg^-^^+^^J+^+^+i  ^) " 

(p±G)±g*-fF  +  p+/xr 

G  and  g  will  be  plus,  or  minus,  according  to  the  incli- 
nation of  the  plane. 

Art.  5. — Description  of  the  different  Engine  Planes. 

We  shall  now  attempt,  with  the  aid  of  the  drawing, 
Fig»%  Plate  IX.^  to  describe,  more  particularly*  the 
mode  of  action  of  the  different  planes,  above  enume- 
rated ;  but,  first  of  all,  we  must  premise,  that  steam  is 
the  motive  power  employed,  though  it  is  not  absolutely 
necessary,  that  it  should  be  so.  Water,  animal,  or  even 
manual  labour^  might,  and  may,  in  particular  cases, 
perhaps^  be  employed,  with  advantage,  on  a  small 
scale;  where  the  ascents  are  trifling,  and  the  transit 
of  goods,  comparatively  small ;  but,  as  our  object  is, 
to  illustrate  the  different  modes,  upon  extensive  lines, 
where  the  traffic  is  considerable,  and  celerity  the  great 
desideratum,  we  shall  suppose,  that  the  motive  power 
is  either  steam,  or  water. 
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The  reader  will  find  a  very  able  account  of  different 
methods,  of  overcoming  short  ascents,  by  means  of 
animal  power,  described  by  Mr.  Scott,  in  the  Trans- 
actions of  the  Highland  Society,  vol.  iv. ;  as  also  other 
matter  on  railroads,  worthy  of  perusal. 

It  will  not  be  necessary  to  give  a  drawing  of  either 
a  steam  engine,  or  a  water-wheel,  whichever  be  made 
the  source  of  motive  power ;  as  the  construction  of  these 
is  now  so  well  understood,  and  their  mode  of  action 
described  in  so  many  publications,  that  the  reader  will 
here  feel  no  loss  from  the  want  of  them.  We  shall, 
therefore,  suppose,  that  a  6,  Fig.  %  Plate  IX.,  repre- 
sents the  shaft  communicating  the  action  of  the  moving 
power  to  the  machinery ;  which  may  be  the  shaft  of  a 
steam  engine,  or  a  water-wheel,  as  the  case  may  be. 
If  the  former,  ac  will  shew  the  crank,  and  de  the  fly- 
wheel ;  y  is  a  cog-wheel,  fixed  upon  this  axle,  and  gives 
motion  to  the  rope  rolls,  a  b,  by  means  of  the  cog- 
wheels, g  h.  These  rolls  are,  alternately,  thrown  out  of 
geer,  or  engaged  or  disengaged,  from  the  action  of  the 
cog-wheels,  by  any  of  the  common  methods  of  dis- 
engaging machinery.  The  axles  of  the  rolls  are  turned 
smooth,  so  that  when  the  axles  are  fixed,  the  rolls  are 
at  liberty  to  turn,  or  revolve,  freely  round  upon  the 
axles.  For  the  purpose  of  engaging  and  disengaging  the 
roils  from  the  machinery,  two  levers  are  fixed  upon 
falcfums»  at  ft,  cme  end  of  which  constitutes  the 
bandies,  the  other  end  passes  between,  but  does  not 
touch,  (when  the  machinery  is  in  action^)  the  two 
parallel  flanches,  fixed  upon  the  side  of  the^toH.;  but 
which,  when  moved  backwards  and  forwai*ds,  in  the 
line  of  the  axle,  throws  the  projections  of  the  clutches 
k  At,  either  within,  or  clear  of  each  other ;  and,  conse- 
quently, either  engages  or  disengages  them  from  the 
action   of  the   moving  power.      Similar    clutches  are 
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placed  upon  the  other  end  of  the  roll,  in  the  interior,  to 
equalize  the  twist  upon  the  axle,  but  which  are  not 
shewn  in  the  drawing.  These  rolls  are  placed  upon  the 
bearings,  lli  &C.9  resting  on  a  frame  of  wood,  upon 
the  wall  of  the  building ;  and  are  elevated  sufficiently 
high,  for  the  carriages  to  move  along  the  railroad  imme- 
diately underneath,  without  touching ;  the  whole  of  this 
apparatus  being  covered  over,  to  preserve  it  from  the 
action  of  the  weather. 

There  are  various  other  modes  of  applying  the 
power  6f  a  steam  engine,  and  of  fixing  the  rope  rolls  ; 
sometimes  these  rolls  are  placed  below  the  sur&ce  of 
the  rails>  the  ropes  being  carried  over  sheeves,  in  the 
manner  shewn  in  the  self-acting  plane.  In  other  cases^ 
the  steam  engine  and  rolls  are  placed  by  the  side  of 
the  railway,  and  the  ropes  are  led  into  the  proper 
direction  by  sheeves.  We  shall  now  describe  the 
several  modes,  of  applying  the  fixed  engines  to  the 
different  planes. 

No.  1. — In  the  mode,  No.  1,  where  the  transit  is  not 
greater  than  requires  a  single  road,  and  the  plane  is  for 
the  purpose  of  conveying  the  carriages  from  a  lower  to 
a  higher  level ;  a  single  roll  a,  Fig.  1,  Plate  -ST.,  only  is 
requisite,  with  a  single  rope,  r  r,  reaching  from  one  end 
of  the  plane  to  the  other,  and  passing  over  sheeves 
similar  t6  *  «,  Fig.  1,  Plate  IX.  The  sketch.  Fig.  1, 
Plcie  X.y  wiU  shew  the  line  of  way,  necessary  for  the 
operation  of  this  kind  of  plane,  a,  represents  the  rope 
roll,  placed  at  such  a  height  above  the  rails,  as  will 
allow  the  carriages  to  pass  underneath  it.  Should  this, 
however,  not  be  convenient,  the  railway  is  made  to 
diverge,  so  as  to  pass  on  one  side  of  the  engine-house  ; 
or  the  engine  is  placed  on  one  side  of  the  railway,  with 
sheeves  to  lead  the  rope  into  the  proper  direction. 
Suppose  the  loaded  carriages  at  a,  the  rope  roll  is  then 
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thrown  into  geer,  as  previously  described,  and,  the 
engine  being  set  to  work,  the  carriages  are  drawn  up 
the  plane,  until  they  arrive  at  the  top,  at  b  ;  they  then 
pass  into  the  road  6,  which  is  made  quite  level,  where 
they  are  stopped,  and,  the  rope  being  disengaged,  they 
are  taken  away  by  other  means.  A  train  of  carriages 
are  then  ready,  we  may  suppose,  to  pass  down  the 
plane,  these  having  been  previously  brought  into  the 
passing  place,  c,  which  is  made  with  a  slight  inclination, 
in  the  direction  of  the  arrow,  and  there  stopped  by  a 
scotch  ;  the  rope  is  then  attached  to  them,  the  roll 
thrown  out  of  geer,  and  the  scotch  struck  out,  when 
they  descend  the  plane,  dragging  the  rope  after  them, 
until  they  land  upon  the  horizontal  platform,  d. 

The  rope  is  then  detached  from  these,  and  fastened 
to  another  train  of  carriages,  standing  on  the  road  a  ; 
the  roll  is  thrown  into  geer,  the  engine  set  to  work,  and 
the  train  thus  dragged  up  the  hill  as  before* 

When  the  transit  of  goods  is  such,  that  a  single  road 
is  not  adequate,  then  the  transit  is  performed  by  means 
of  a  double  road,  by  which  the  carriages  are  drawn  up, 
and  pass  down,  at  the  same  time ;  and  this  may  be 
effected,  either  by  lajdng  two  separate  lines  of  way, 
from  the  top  to  the  bottom  of  the  plane,  or  in  such 
manner  as  described  in  the  self-acting  plane.  It  will 
not  be  necessary  to  explain  the  former  mode  of  action, 
each  train  keeping  its  separate  line  of  road.  Fig*  S, 
Plate  X.J  will  shew  the  plan  of  laying  the  rails  down  in 
the  latter  mode.  Two  rope  rolls,  a  b,  are  used,  placed 
upon  the  shaft  of  the  machinery,  and  firmly  fixed  to  it, 
or  continually  in  geer.  These  rope  rolls  are  placed  in 
a  line  with  the  respective  roads,  up  which  they  are  to 
drag  the  carriages;  the  roll,  a,  in  a  line  with  the 
road,  Oj  and  the  roll,  b,  in  a  line  with  the  road,  6,  so 
that  the  ropes,  passing  upon  the  centre  of  tlie  road,  a. 
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will  correspond  with  the  middle  of  the  roll,  A,  and  the 
rope  of  the  road,  6,  with  the  roll,  b.    When  the  excess, 
or   preponderance  of  the  loaded    carriages,  is  nearly 
adequate  to  drag  the   empty  carriages  up  the  plane, 
then  the  construction  is  almost  precisely  similar  to  that 
iof  the  self-acting  plane.     Either  a  wheel,  similar  to 
Fig.  1,  Plate  IX.  j  is   placed  horizontally,   or  a   like 
wheel  fixed  perpendicularly  to  the  axis  of  the  engine, 
ivhich,  being  turned  by  the  engine,  is  thus  made  to  drag 
the  carriages  up  the  plane.     This  latter  mode  of  opera- 
tion cannot,  however,  be  carried  into  eflfect,  where  the 
resistance  of  the  carriages  upon  the  plane  is  greater 
than   the  friction,    or   hold  the  rope  takes  upon  the 
groove  of  the  wheel ;  for,  in  that  case,  the  wheel  would 
be  turned  round,  without  moving  the  rope,  or  affecting 
the  ascent  of  the  load.     In  the  case  of  the  self-acting 
plane,  and  the  above  mode,  the  rope  only  passes  over 
half  the  circumference  of  the  wheel ;    but  when  this 
is  insufficient  to  move  the  carriages,  the  friction   is 
increased  by  crossing  the  ropes,  or  causing  each  rope 
to  pass  down  the  opposite  side  of  the  plane,  to  that 
which  the  centre  of  the  wheel,  on  which  they  wind,  is 
in  a  line  with.     Thus,   in  Fig.  1,   Plate  IX.^   if  the 
rope,  D^  be  made  to  pass  round  a  horizontal  sheeve, 
placed  at  s,  on  the  opposite  side,  and  the  rope,  e^  round 
a  similar  sheeve  on  the  other  side,  then  the  ropes  would 
nearly  embrace  the  whole  of  the  circumference  of  the 
wheel,  and,  consequently,  increase  its  adhesion  to  the 
periphery.     An   additional  strain   is   thus,    doubtless, 
thrown  upon  the  rope  by  this  horizontal  sheeve,  but 
this,  also  acting  upon  the  rope  embracing  the  wheel, 
tends  to  increase  the  hold  which  it  takes  upon  the  peri- 
phery.   Where  the  latter  mode  can  be  applied,  espedally 
without  having  to  resort  to  the  expedient  above  named, 
it  is  of  considerable  advantage  over  a  double  line  of 
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road,  as  it  precludes  the  necessity  of  having  two  ropes, 
which,  with  rolls,  where  the  rope  winds  upon  itself,  as 
in  Fig.  2,  Plate  X.,  is  indispensable.  In  both  these 
cases,  however,  whether  the  rolls,  a  b,  Fig.  2,  Plate  X, 
or  the  single  wheel,  jPl^.  1,  Plate  ZX.,  be  employed ; 
the  formation  of  the  road,  and  mode  of  laying  the  rails, 
for  the  carriages  to  pass  each  other,  are  the  same  as 
previously  described. 

No.  2. — On  this  description  of  plane,  the  action  does 
not  materially  differ  from  that  last  described ;  only,  the 
ropes  must  be  double,  and  must,  necessarily,  wind  upon 
barrel  rolls,  similar  to  a  b,  Fig.  2,  Plate  IX.  The  road 
may  either  be  formed  of  two  separate  and  distinct  lines 
of  road,  from  top  to  bottom  of  the  plane,  or  in  the 
manner  shewn  in  Fig.  8,  Plate  X.,  where  a  b,  are  the 
rope  rolls,  worked  by  the  engine,  and  c,  is  a  horizontal 
sfaeeve,  placed  at  the  other  extremity  of  the  plane  j 
D  £,  represents  two  trains  of  carriages  in  action  upon  the 
plane.  Three  ropes,  each  equal  to  the  length  of  the 
plane,  are  used ;  one,  represented  by  a  a,  is  attached  at 
one  end  to  the  rope  roll,  a  ;  another,  represented  by  b  i, 
is  attached  to  the  rope  roll,  b  ;  and  the  third,  c  c  c, 
called  the  "  tail  rope,"  passes  round  the  sheeve,  c,  and 
is  attached,  at  one  end,  to  the  train,  d,  and,  at  the  other 
end,  to  the  train,  e.  The  action  of  this  plane,  with 
the  aid  of  the  drawing,  will  be  readily  understood. 
Suppose  the  rope  roll,  a,  in  geer,  and  the  roll,  b,  out  of 
geer ;  if  the  engine  is  set  to  work,  the  roll,  a,  being  in 
geer,  will  wind  the  rope,  a,  upon  it,  and  will,  conse- 
quently, drag  the  train  of  carriages,  d,  towards  the 
engine.  The  rope,  ccc^  being  attached  to  the  opposite 
end  of  this  train  of  carriages,  passing  round  the  sheeve,  c» 
and  being  fastened  to  the  end  of  the  other  train  of  car-* 
rJages,  e,  will,  consequently,  drag  the  latter  train  down 
the  plane,  or  towards  c,  and  unwind  the  rope  from  off 
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the  rope  roll,  b.  When  the  trains,  d  and  e,  arrive  at 
the  top  and  bottom  of  the  plane,  respectively,  they  are 
taken  away,  and  other  sets  of  carriages  substituted,  a 
crossing  being  near  at  hand  for  the  purpose ;  this 
being  done,  the  engine  then  drags  the  train,  on  the 
side,  £,  up  the  plane,  the  tail  rope  of  which,  passing 
round  the  wheel,  c,  as  before,  drags  the  train  on  the 
side,  D,  down  the  plane,  and  so  on,  alternately.  The 
wheel,  c,  is  placed  below  the  level  of  the  railway,  and 
is,  in  every  respect,  the  same  as  that  of  the  self-acting 
plane.  Fig.  1,  Plate  IX. 

The  above  mode  of  transit  is  not  confined  to  an 
isolated  or  single  plane;  by  an  extension  of  similar 
planes,  any  distance  may  be  traversed.  Fig.  4, 
Plate  X.^  will  shew  the  mode  of  effecting  this,  by  a  con- 
tinuation of  the  same  machinery,  a  b,  are  the  rope 
rolls  of  the  engine,  similar  to  those  of  the  single  plane, 
last  described,  dragging  the  carriages  back  and  forward, 
by  means  of  the  tail  rope,  working  round  the  wheel,  c, 
and  the  rope  wheels,  e  f,  dragging  the  carriages,  by 
means  of  the  tail  rope  passing  round  the  wheel,  d. 
The  darts  will  shew  the  direction,  which  the  different 
trains  of  carriages  are  traversing  at  the  same  time. 
Thus,  let  the  engine,  by  means  of  the  roll,  a,  be  drag- 
ging the  train,  a,  toward  itself,  the  tail  rope  will,  at  the 
same  time,  be  dragging  the  train,  &,  in  the  opposite 
direction ;  when  it  arrives  at  0,  the  switch,  or  point,  is 
put  in,  to  cause  it  to  take  the  way,^  where  it  stops. 
Meanwhile,  the  other  engine,  by  the  roll,  e,  is  dragging 
the  train,  c,  towards  itself,  and  the  train,  d^  by  the  tail 
rope,  in  the  opposite  direction. 

When  the  train,  c,  arrives  at  the  engine,  the  train,  d^ 
arrives  at  g*,  where  it  stops ;  the  respective  trains  are 
then  at  f  and  g.  The  ropes  are  then  fastened  to  the 
proper  carriages,  and  j\  proceeds  through  the  passing 
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place,  hj  into  the  road,  rf,  drawn  by  the  roll,  f,  and  g^ 
proceeds  right  forward  up  the  road,  ^,  dragged  by  the 
roll,  B,  while  the  train,  cr,  is  dragged  towards  c,  by  the 
tail  rope,  and  is  stopped  at^*;  the  train,  c,  crossing  at  h, 
into  the  road,  g-,  where  they  are  ready  for  another 
operation,  as  before.  By  a  continuation  of  these,  it 
will  readily  occur,  that  any  distance  may  be  traversed, 
even  if  partially  undulating. 

In  some  parts  of  the  line,  it  might  happen,  that  the 
descent  from  the  engine,  to  the  end  of  the  plane,  might 
be  such,  that  the  gravity  of  the  carriages  would  enable 
them  to  drag  the  rope  after  them.  In  this  case,  the 
wheel,  c  or  d,  and  the  tail  rope,  might  be  dispensed 
with,  and  resumed  ag^  on  other  parts  of  the  line, 
upon  planes,  where  the  descent  was  not  adequate  for 
such  an  effect. 

In  this  species  of  transit,  it  will  be  observed,  that 
ropes,  three  times  the  length  of  the  plane,  are  re- 
quired, though  only  twice  the  length  is  in  operation 
at  once. 

No.  3. — When  a  hill  occurs  in  the  line  of  road,  the 
summit  of  which  can  be  formed  into  a  short  platform, 
and  the  declivity  on  each  side  is  such,  as  to  give  the 
carriages  sufficient  gravity  to  drag  the  rope  after  them, 
the  mode  of  operation,  shewn  in  Fig.  6,  Plate  X.^ 
is  resorted  to.  If  the  traffic  is  not  considerable,  or 
not  greater  than  will  require  a  single  line  of  road,  a 
fm^  rope  roll,  a,  is  used,  capable  of  being  thrown 
out  of  geer,  or  attached  to  the  shaft  of  the  engine, 
at  pleasure,  as  shewn  in  Fig.  %  Flate  IX.  A  short 
length  of  road,  immediately  underneath  the  rope  roll, 
is  branched  into  four  rails,  a  b,  and  c  d.  These  two 
Toads  are  made  to  descend,  in  opposite  directions, 
the  road)  a  6,  from  a  6,  to  c  dt  and  the  road,  c  d^  from 
that  point  to  a  b.      Suppose   the  roll,  a,  attached  to 
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the  shaft,  by  clutches,  a  train  of  carriages,^  is  dragged 
up  the  plane,  d  ;  when  they  arrive  at  a  6,  the  rope, 
whereby  they  have  been  dragged  up,  is  detached  ;  the 
train  then  runs  of  itself  towards  cd  ;  during  which  the 
rope  is  attached  to  the  other  end  of  the  train,  the 
rope  roll  is  thrown  out  of  geer,  and,  when  the  car- 
riages pass  cdj  they  descend  the  plane,  e,  dragging 
the  rope  after,  until  they  arrive  at  the  level  platform,  f, 
at  the  bottom.  Another  train  of  carriages  is  then 
attached  to  the  rope,  the  roll  struck  into  geer,  and 
the  train  is  dragged  up  the  plane,  to  c  d,  where,  from 
the  descent  of  the  road,  it  runs  of  itself  to  a  6,  and 
descends  the  opposite  plane.  The  rope  having  been, 
during  the  passage  of  the  train  from  cd  to  a i,  de- 
tached from  one  end,  and  fastened  to  the  other,  and 
the  rope  wheel  struck  out  of  geer,  the  train  runs 
down,  until  it  arrives  at  the  level  platform,  c,  when  it 
is  detached  from  the  rope,  and  another  substituted. 
When  the  traffic  is  greater  than  can  be  carried  on  in 
the  above  manner,  two  rope  wheels  are  used,  and  the 
road  underneath  the  engine  is  made  to  branch,  into 
two  separate  roads,  distinct  from  each  other,  as  shewn 
in  Fig.  7,  Plate  X.  In  this  case,  one  train  of  carriages 
can  be  made  to  descend  one  plane,  while  another  train 
is  dragged  up  the  opposite  plane  by  the  engine ;  or,  if 
the  traffic  is  still  greater,  the  engine  is  furnished  with 
two  sets,  or  four  rope  rolls,  and  the  plane  is  either 
formed  of  two  distinct  lines  of  road,  or  such  as  are 
shewn  in  Fig.  2,  Plate  IX.,  which  will  represent  one 
of  the  planes,  the  other  plane  being  laid  in  a  similar 
manner,  with  proper  passing  places  at  the  top  j  viz., 
four  distinct  roads,  two  descending  in  one  direction^ 
and  two  in  the  other,  as  shewn  in  Fig.  6,  Plate  X. ; 
or  with  three  lines  of  road  at  the  top,  the  two  outer 
ones  for  the  loaded,  and  the  middle  one  for  the  empty 


266  DIFFERENT   KINDS    OF    MOTIVE    POWER. 

carriages.  Both  these  planes  can  then  be  worked  at 
the  same  time^  and  thus  an  uninterrupted  traffic  kept 
up.  And  if  the  inclination  is  not  sufficiently  great,  to 
enable  the  descending  carriages  to  drag  the  ropes  after 
them,  a  wheel,  such  as  before  described,  in  Fig.  3, 
Plate  JST.,  with  a  tail  rope,  can  be  resorted  to ;  when  the 
formation  of  the  road  on  each  plane  will  be,  in  every 
respect,  similar  to  Fig.  4,  Plate  X. 

No.  4. — We  have,  in  the  preceding  cases,  shewn  the 
diflferent  modes  of  conveying  goods,  over  isolated  hills, 
or  on  portions  of  a  line,  presenting  particular  undu- 
lations ;  we  are  now  to  consider  the  whole  line,  worked 
by  a  system  of  fixed  engines,  alternating  with  each 
other,  by  means  of  ropes.  This  is  accomplished  by 
dividing  the  line  into  stages,  of  a  convenient  length,  at 
the  ends  of  each  of  which  engines  are  fixed.  Each 
engine  drags  the  carriages,  from  the  opposite  end  of 
the  stage,  towards  itself,  and,  at  the  same  time,  un- 
winds a  rope  from  the  roll  of  the  next  engine,  at  the 
other  extremity  of  the  stage,  for  the  purpose  of  enabling 
the  last-named  engine  to  drag  the  carriages,  in  the 
opposite  direction,  and  thus  to  keep  up  a  constant 
transit. 

This  mode  of  conveyance  may  be  carried  into  effect, 
either  by  means  of  a  single,  or  double,  line  of  railway. 
Fig.  7»  Plate  JK,  will  shew  the  operation,  by  a  single 
line  of  road,  which  may  either  be  supposed  to  be  one 
extremity,  or  an  intermediate  station  of  the  line,  at 
which  an  engine  is  erected.  The  Une  is  divided  into 
stages,  of  suitable  lengths,  about  a  mile  and  a  half  each, 
as  B  c,  &c.,  at  wliich  places  similar  engines  are  erected. 
If  the  first  stage,  a  b,  rises  towards  b,  with  such  an 
inclination,  that  the  carriages,  in  descending  to  a,  have 
sufficient  gravitating  force  to  drag  the  rope  after  them, 
then   it  is  not  necessary  to  erect   an    engine   at  the 
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extremity ;  but,  if  this  is  not  the  case,  then  an  engine, 
with  a  single,  or  double,  rope  roll,  must  be  erected  at  a. 
At  the  other  stages,  b  c,  &c.,  the  engines  must  have 
two  rope  rolk,  capable  of  being  disengaged,  from  the 
action  of  the  engine,  at  pleasure,  similar  to  those  shewn 
in  Fig.  2,  Plate  IX.     At  the  extremity  of  the  stages, 
the  single  line  of  railway  is  made  to  branch  into  two 
separate  lines,  ab^cdj  the  former  descending  from  a  h 
to  e,  and  the  latter  from  c  rf,  to^     The  mode  of  opera- 
tion is  as  follows : — d  will  represent  a  train  of  carriages, 
passing  in  the  direction  a  b,  while  another  train  is  ccm- 
veyed  in  the  same  direction,  b  c,  on  the  next  plane. 
The  rope  rolls,  w»,  n,  |>,  may  be  supposed  out  of  geer, 
and  the  rolls,  o,  q^  in  geer,  or  attached  to,  and  turning 
round  with,  the  shaft  of  the  engine.     The  engine,  b, 
is,  therefore,  by  means  of  the  roll,  o,  dragging  the  train 
of  carriages,  d,  towards  itself,  and  is,  at  the  same  time, 
unwinding  a  rope,  g^  attached  to  the  other  end  of  the 
train,  from  off  the  roll,  m,  of  the  engine,  a.     On  the 
other  stage,  the  engine,  c,  is  dragging   the   train,  e, 
towards  itself,  and  also  a  rope  from  the  roll,  n.     In  this 
manner,  the  train,  d,  arrives,  at  the  engine,  b,  and  the 
train,  e,  at  the  engine,  c,  where  they  are  stopped  ;  other 
trains  may  be  supposed  to  be  in  readiness,  to  which 
the  ends  of  the  ropes,  g  and  e,  are  attached.     The 
rolls,  m,  n,  and  p,  are  then  struck  into,  and  the  rolls, 
0  and  q^  out  of  geer.     The  engines,  a  and  b,  being  set 
to  work,   drag,  by  means  of  the  ropes  g  and  t,  the 
train   of  carriages  to  a,  and  b,  and,  with  them,  the 
ropes  h  and  k ;  which  ropes  are  again  used,  to  drag 
the   carriages  in  the  opposite  direction,  and   so  on^ 
alternately. 

This  mode  of  operation  is  practised,  when  the  line 
of  road  is  nearly  level ;  but  if  any  declivity  occur, 
which  gives  the  train  of  carriages  a  greater  gravitating 
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force  than  what  is  necessary,  to  drag  the  rope,  then 
the  rope  rolls,  instead  of  being  struck  out,  are  aJways 
kept  in  geer ;  by  which  means  the  excess  of  gravitating 
force,  assists  the  engine  in  dragging  the  carriages  along 
the  other  stage.  If  such  an  inclination  occurs  through- 
out the  whole  length  of  the  stage,  the  tail  rope  is  dis- 
pensed with  altogether ;  but  if  it  be  only  a  casuaJ  descent, 
it  is  retained,  to  drag  tlie  carriages  over  the  other  parts 
of  the  stage. 

It  will  be  observed,  that,  in  this  mode  of  operation, 
Ihe  train  of  carriages,  on  arriving  at  the  engine,  is 
obliged  to  be  stopped,  until  the  train,  proceeding  along 
the  other  stage,  arrives.  This  is  a  source  of  great 
delay,  effecting  only  an  average  speed  of  transit  equal 
to  half  the  rate,  at  which  the  carriages  travel,  between 
the  stages ;  or,  to  effect  a  general  average  rate  of  tra- 
velling of  four  miles  an  hour,  it  will  be  necessary  that 
the  carriages,  while  in  motion,  should  travel  at  the  rate 
of  eight  miles  an  hour.  There  is,  also,  by  this  mode 
of  working  the  engines,  obliged  to  be  a  train  of  car- 
riages always  standing  at  the  end  of  each  stage ; 
which  requires,  for  effecting  the  transit  of  a  certain 
quantity  of  goods,  a  considerable  number  of  car- 
riages, more  than  what  is  required,  if  the  transit  was 
uninterrupted. 

There  is  another  mode,  however,  of  working  the 
trains,  which,  though  requiring  more  powerful  engines, 
obviates  part  of  these  objections.  This  is,  by  causing 
both  the  trains  of  carriages  to  be  dragged  towards  an 
engine  at  the  same  time,  and,  in  returning,  to  be  both 
dragged  from  that  engine,  at  the  same  time,  by  the 
engines  at  the  other  end  of  each  stage.  Thus  the 
engine,  b,  drags  the  trains,  d  and  e,  towards  itself,  and 
both  arrive  at  c  dj  and  a  i,  at  the  same  moment.  The 
ropes  are  then  detached^  the  carriages,  by  the  descent 
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of  the  roads,  as  before  described,  respectively  run,  of 
themselves,  from  c  rf,  to^^  and  from  a  b,  to  c.  The  rolls 
are  then  thrown  out  of  geer,  the  rope,  g^  is  attached 
to  the  end  of  the  train,  e,  and  the  rope,  A,  to  the  other 
end ;  and,  in  like  manner,  the  rope  i  is  fastened  to  the 
one  end  of  d,  and  the  rope,  A;,  to  the  other  end*  The 
roUs,  q,  m,  being  thrown  into  geer,  the  carriages  are 
dragged  to  the  other  end  of  the  stage.  By  this  mode, 
it  will  be  perceived,  that  the  carriages  do  not  stop,  but 
merely  pass  each  other  at  the  engines.  The  engine 
has,  however^  both  trains  of  carriages  to  drag  at  the 
same  time,  and  cannot  have  the  assistance  of  the 
gravity  of  the  other  train  of  carriages,  if  there  happen 
to  be  any  preponderance  above  what  is  required  to  drag 
the  rope ;  and,  likewise,  the  carriages  being  dragged 
towards  the  engine,  it  is  loaded  with  the  resistance  of 
both  trains,  while,  in  returning  in  the  opposite  direc- 
tion, the  engine  stands  idle.  Both  modes  have,  there- 
fore, their  advantages  and  disadvantages,  and  may  be 
used  as  occasion  requires.  This  mode  of  transit  may, 
perhaps,  be  more  effectively  employed,  where  the  traffic 
is  such  that  requires  a  double  line  of  road,  as,  in  this 
case,  no  delay,  more  than  what  is  required  to  change 
the  carriages,  occurs. 

We  come  now  to  describe  the  different  modes  of 
conveyance,  by  means  of  fixed  engines,  upon  double 
lines  of  railway.  Fig.  5,  Plate  -ST.,  will  shew  a  scheme 
of  performing  this,  recommended  to  tlie  notice  of  the 
directors  of  the  Liverpool  and  Manchester  railway,  in 
the  report  of  Messrs.  Walker  and  Rastrick,  and  said 
by  the  latter  to  be  struck  out  by  him.  a,  b,  c,  represent 
the  engines  at  the  end  of  three  stages  ;  each  of  those 
engines  is  furnished  with  four  rope  rolls,  similar  to 
those  shewn  in  Fig.  2,  Plate  IX.  d,  e,  f,  g,  may  be 
supposed  to  be  four  trains  of  carriages ;  d  and  f,  pra» 


£70  DIFFERENT    KINDS    OF    MOTIVE    POWER. 

ceeding  in  one  direction,  and  e  and  g,  in  the  other. 
a,  by  r,  rf,  shew  the  rolls  of  the  engine  a  ;  »,  Ar,  /,  m,  those 
of  the  en^ne  c  ;  while  those  of  the  engine,  b,  are  not 
drawn,  that  the  direction  which  the  carriages  take  may 
be  more  easily  shewn.  Double  crossing  places  are 
made  at  each  station,  as  will  be  seen  in  the  plate,  to 
enable  the  carriages  to  pass  from  one  road  to  the 
other.  D,  shews  the  train  of  carriages  which  the  engine, 
B,  is  dragging  towards  itself,  and  with  it  a  tail  rope, 
from  the  roll,  c,  of  the  engine,  a  ;  which  tail  rope  is 
to  be  used  in  dragging  the  train,  g,  along  that  plane, 
after  it  passes  the  engine,  b.  In  like  manner,  g,  is  the 
train  which  the  engine,  b,  is  dragging  towards  itself  on 
the  other  plane,  and  with  it  a  tail  rope  from  the  roll,  ^, 
of  the  engine,  c ;  by  which  rope  the  latter  engine  drags 
the  train,  d,  along,  after  it  passes  the  engine,  b.  The 
engines,  a  and  c,  are,  at  the  same  time,  dragging,  by  the 
rolls,  a  and  m,  the  trains,  e  and  f,  towards  themselves  ; 
and  also,  by  the  rolls,  d  and  i,  trains  from  the  other 
planes,  towards  their  respective  stations.  When  the 
train,  d,  arrives  at  g,  the  ropes  are  disengaged,  and 
the  train  proceeds  to  o,  where  it  stops.  Meanwhile,  the 
train,  g,  arrives  at  e,  where,  the  ropes  being  disengaged, 
it  proceeds  to  p^  where  it  likewise  stops ;  at  the  same 
time  the  train,  f,  has  arrived  at  the  station,  c,  and  the 
train,  e,  at  the  station,  a.  The  engine,  a,  has  mean- 
while, by  the  roll,  rf,  dragged  another  train,  i,  to  that 
station ;  and  the  engine,  c,  by  the  roll,  i,  a  train,  h, 
to  its  station.  The  ^darts  at  the  station,  b,  will  shew 
the  position  of  the  trains,  which  will  suffice  for  the 
other  stations,  as  the  operation  is  the  same  in  each. 
When  the  train,  g,  arrives  at  ^,  the  rope  by  which  it 
was  dragged  is  detached,  and  also  the  tail  rope  from 
the  roll,  k.  The  tail  rope  of  one  of  the  roUs  of  the 
engine,  b,  is  then  attached,  and,  also,  the  rope  which 
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dragged  the  train,  d,  to  that  engine.  The  engine,  a, 
then  drags  the  train,  g,  through  the  crossing,  pq, 
and  along  the  road  to  the  station,  a.  In  like  manner, 
on  the  ropes  being  attached,  the  train,  d,  is  dragged 
by  the  engine,  c,  through  the  crossings,  on ;  the  rope 
which  c  dragged  from  the  roll,  Ar,  being  attached.  The 
operation  is  the  same  at  all  the  other  stations,  in  every 
one  of  which,  it  will  be  seen,  that  the  carriages  are 
obliged  to  pass  from  one  line  of  road  to  the  other,  at 
each  of  the  stations ;  so  that  each  of  the  lines  of 
double  road  becomes,  alternately,  between  the  stations, 
the  route  for  the  carriages  passing  in  both  directions. 

The  inconvenience,  delay,  and  risk,  attending  the 
carriages  thus  passing  from  one  line  to  the  other,  and 
travelling,  in  both  directions,  upon  different  parts  of 
the  same  line  of  road,  confine  the  use  of  this  mode 
of  transit,  exclusively,  to  private  lines  of  road ;  upon 
public  lines,  it  would  produce  inexplicable,  and  irreme* 
diable,  confusion.  Upon  public  lines,  where  fixed 
engines  are  obliged  to  be  used,  to  surmount  steep  de- 
clivities, some  mode  of  application,  different  from  any  of 
those  previously  described,  therefore  became  necessary. 
On  the  Liverpool  and  Manchester  railway,  which  termi«> 
nates,  at  the  Liverpool  end,  at  a  high  level,  it  was 
necessary  to  apply  a  fixed  engine,  to  drag  the  goods  up 
from  the  low  level,  or  station,  near  the  docks,  to  the 
higher  level ;  or  where  the  locomotive  engines  could  be 
used,  the  length  of  the  plane  being  SS50  yards,  and  the 
inclination,  1  in  22. 

The  plan  adopted  by  Mr.  Stephenson  was,  by  an 
endless  rope,  passing  over  a  sheeve,  fixed  upon  the 
main,  or  xrrank,  axle  of  the  engine.  Fig.  8^  Plate  X.^ 
will  shew  the  plan  of  effecting  this  mode  of  transit ;  a 
double  line  of  road  is  laid  the  whole  distance,  and,  at 
the  bottom  of  the  plane,  a  sheeve,  b,  is. fixed    hori*- 
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zontally,  and  similar  to  c,  Fig.  3^ ;  e  and^represent  the 
rope  passing  round  it  At  the  top  of  the  plane,  a 
horizontal  wheel,  a,  is  fixed,  worked  by  two  engines, 
one  on  each  side  of  the  railway ;  and  this  wheel  has 
two  grooves  on  its  periphery,  for  the  rope  to  wind 
round.  Tracing  the  rope  from  ^,  as  shewn  in  the 
drawing,  it  passes  round  the  wheel,  a,  crosses  between 
that  wheel  and  another  wheel,  a,  passing  over  the  side 
of  the  latter,  then  around  6,  and,  leading  past  a,  crosses 
again  ;  and,  winding  around  a,  upon  the  other  groove, 
leads  down  the  road,  to  the  train,  at^  and  so  round  the 
wheel  B.  By  passing  the  rope  twice  around  a,  suffix 
cient  adhesion  to  its  periphery  is  obtained,  to  drag  the 
carriages  up  the  plane.  To  give  additional  pressure  to 
the  rope,  upon  the  grooves  of  the  wheels,  and  to  equa- 
lize the  tension  of  the  rope,  as  well  as  to  keep  it 
constantly  stretched,  a  vertical  wheel  is  attached  to  the 
axle,  c,  of  the  wheel,  rf,  over  which  a  rope  passes,  with 
a  heavy  weight  attached  ;  a  well  is  sunk,  to  a  certain 
depth,  within  which  this  weight  ascends,  and  descends, 
as  the  tension  of  the  rope  becomes  greater,  or  less,  or 
^  the  rope  becomes  shorter,  or  longer,  by  any  variation 
of  humidity  to  which  it  is  exposed. 

By  this  plan,  the  carriages  ascending  the  plane  always 
travel  on  the  same  line  of  road,  the  descending  car- 
riages traversing  the  other;  and  the  trains  are  thus 
always  ready  to  be  conveyed  along  the  proper  line,  by 
the  locomotive  engines ;  all  crossing  from  one  line  to 
the  other  is,  consequently,  obviated* 

Upon  the  new  tunnel  for  passengers,  at  the  same 
end  of  the  line,  a  different  mode  of  applying  the  use 
of  an  endless  rope  has  been  adopted.  Two  engines 
are  erected,  one  on  each  side  of  the  railway,  one  of 
which  is  sufficient  to  work  the  plane,  and  the  other  is 
k^pt,  as  a  spare  engine^  in  case  of  accident*     A  hori- 
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zoDtal  shaft  reaches  across  the  whole  width  of  the  two  lines 
of  railway,  which  can  be  connected  with,  or  disengaged 
from,  each  engine,  at  pleasure,  or  worked  by  both,  if  ne- 
cessary. Upon  this  shaft,  and  in  the  centre  of  one  of  the 
lines  of  railway,  a  grooved  wheel,  nineteen  feet  and  a  half 
in  diameter,  is  placed  vertically.  The  rope,  which  con- 
stantly ascends  the  plane,  passes  over  the  upper  side 
of  this  wheel,  around  the  under  side,  and  is  brought 
nearly  to  the  top  side  again,  by  a  small  sheeve,  four 
feet  in  diameter,  being  placed  In  front  of  the  large 
wheel.  The  rope  thus  embraces  nearly  the  entire 
circumference  of  the  large  wheel,  and  the  adhesion, 
thus  obtained,  is  sufficient  to  drag  from  eighty  to 
ninety  tons  of  carriages,  and  passengers,  up  the  plane, 
without  any  slipping  of  the  rope  j  the  plane  being 
2200  yards  in  length,  with  an  inclination  of  about  1  in 
100.  After  the  rope  passes  over  the  small  sheeve,  in 
front  of  the  shaft  wheel,  it  is  then  taken  round  a 
horizontal  wheel,  placed  upon  a  carriage,  running  back 
and  forwards,  upon  a  railway,  to  which  the  stretching 
apparatus,  described  previously,  is  affixed.  After  pass- 
ing round  this  horizontal  wheel,  the  rope  is  then 
directed  into  the  centre  of  the  other  line  of  railway, 
by  two  other  horizontal  sheeves,  whence  it  passes  down 
the  plane,  and  over  two  horizontal  sheeves,  at  the 
bottom,  into  the  centre  of  the  ascending  line  of  rail- 
way ;  which  it  traverses,  and  passes  over  the  large  wheel, 
upon  the  crank  axle,  as  before  stated.  In  working  this 
plane,  the  descending  carriages  are  not  attached  to  the 
rope,  the  descent  being  such,  as  to  allow  of  their  being 
taken  down  by  the  brakes,  on  the  carriages,  with 
safety.  But  this  mode  of  application  does  not  pre* 
elude  the  descending  carriages  being  affixed  to  the 
rope ;  indeed,  if  they  were,  and  if  there  was  a  sur- 
plus of  gravitating  power,  the   descending  carriages 
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would  assist  the  engine,  in  dragging  up  the  ascending 
train. 

On  the  Brandling  Junction  railway,  upon  a  short 
plane,  792  yards  in  length,  and  with  an  inclination  of 
1  in  22*9 ;  where  the  great  bulk  of  the  traffic  is  up  the 
plane,  and  where,  consequently,  the  gravitating  force 
of  the  ascending  carriages  is  very  great ;  I  have 
adopted  a  plan  of  obtaining  adhesion,  which  may  be 
carried  to  any  extent  that  may  be  required,  however 
steep  the  planes  are.  a  b.  Fig*  15,  Plate  FZ,  is  the 
crank  axle  of  the  engine,  working  the  plane ;  upon  this 
axle  the  wheel,  o,  is  fixed,  on  the  periphery  of  which 
there  are  three  grooves.  Another  wheel,  c  d,  is  placed  a 
little  distance  from  the  former,  which  has,  likewise,  three 
grooves  on  its  periphery ;  this  wheel  is  not  placed  quite 
vertical,  but  at  such  an  angle  therefrom,  as  that  each 
groove,  on  its  upper  side^  leads  to  one  of  the  grooves  on 
the  crank-axle  wheel,  while  the  same  groove,  on  the 
under  side^  leads  to  another  groove  on  the  crank-axle 
wheel ;  or,  the  angle  at  which  the  wheel,  c  d,  is  placed 
from  the  perpendicular,  is  such  as  to  be  precisely  equal 
to  the  breadth  of  one  of  the  grooves  on  the  crank  axle, 
as  shewn  in  the  drawing.  Thus  tlie  rope,  a  6,  which 
is  the  ascending  rope,  passes  alongside  the  sheeve,  c  d, 
over  the  wheel,  g,  and  then  leads  into  the  first  groove,  on 
the  underside  of  the  wheel,  c  d,  around  that  groove,  d; 
which,  it  will  be  seen,  leads  to  the  upper  ^de  of  the 
second  groove  of  o,  then  to  the  under  side  of  the 
second  groove  of  c  d,  over  the  upper  side  of  the  second 
groove  of  that  wheel,  and  the  upper  side  of  the  third 
groove  of  o  ;  and  from  thence  around  the  third  groove 
of  c  D,  from  whence  it  passes,  by  the  side  of  g,  around 
the  horizontal  sheeve,  e,  and  so  down  the  plane ;  at  the 
bottom  of  which  it  passes  over  two  sheeves,  which  lead 
to  the  centre  of  the  ascending  line.     The  horizontal 
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sheeve,  e,  is  placed  at  some  distance  from  the  engine, 
for  the  purpose  of  allowing  for  the  stretching  of  the 
rope ;  the  sheeve,  e,  is  placed  upon  a  frame,  moveable 
on  a  railroad,  and  the  stretching  weight  is  attached  to 
the  sheeve,  e,  as  before  described.  As  the  number  of 
grooves,  on  the  wheel  upon  the  crank  axle  may  be  m^ 
creased,  at  pleasure  ;  by  this  method,  any  degree  of 
adhesion  may  be  obtained,  without  any  unequal  strain 
being  thrown  upon  the  rope.  We  have,  in  the  pre- 
ceding description  of  the  different  modes  of  conveying 
goods,  or  working  lines  of  railway  by  fixed  engines, 
we  trust,  explained  the  manner,  by  which  the  convey- 
ance of  goods  may  be  effected,  over  any  kind  of  country, 
whether  flat,  hiUy,  or  undulating;  and  whether  the 
line  be  divided  into  successive  platforms,  or  levels,  with 
ascending  or  descending  planes ;  or,  whether  the  line  be 
stretched,  at  once,  across  the  country,  without  regard  to 
any  particular  degree  of  inclination.  Either  one  or  other 
of  these  modes,  or  their  various  modifications,  will  com- 
prehend means  for  securing  a  regular  and  constant 
transit 

§  5. — Locomotive  Steam  Engines. 

The  steam  engine,  for  many  years  subsequent  to  its 
discovery,  was  solely  employed  in  lifting  or  raising  water, 
by  means  of  pumps ;  Savary,  Newcomen,  Beighton, 
Desagulier,  and  other  eminent  men,  successively  con- 
tributed thdr  aid  to  its  improvement,  and  its  advance- 
ment in  utility  ;  still  it  was  cumbrous,  heavy,  unwieldy, 
and  complicated,  and  its  use  confined  within  narrow 
limits.  It  was  in  this  state  that  Mr.  Watt  found  it,  and 
to  his  enterprising  genius,  the  world  is  indebted,  for  one 
of  the  most  useful  machines  ever  given  to  commerce 
and  the  arts.      Its  action  was  no  longer  confined  to 
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a  rectilinear  motion,  or  that  of  pumping  water ;  but^ 
through  his  assiduous  exertions,  converted  into  a  rotatory 
motion,  and  applied  to  almost  every  manufactory. 

So  early  as  the  year  1759,  steam  appears  to  have 
been  thought  of,  as  a  motive  power  to  wheel  carriages. 
In  a  note  to  the  last  edition  of  Robinson's  '*  Mechanical 
Philosophy,'*  Mr.  Watt  states  :  "  My  attention  was  first 
directed,  in  the  year  1759,  to  the  subject  of  steam 
engines,  by  the  late  Dr.  Robinson,  then  a  student  in 
the  University  of  Glasgow,  and  nearly  of  my  own  age. 
He,  at  that  time,  threw  out  an  idea  of  applying  the 
power  of  the  steam  engine  to  the  moving  of  wheel 
carriages,  and  to  other  purposes ;  but  the  scheme  was 
soon  abandoned,  on  his  going  abroad."  Mr.  Watt,  it 
appears,  soon  after  made  an  experiment  with  steam, 
acting  by  its  expansive  force,  but  relinquished  the  idea 
of  constructing  an  engine  upon  this  principle :  **  I, 
however,"  says  he,  "  described  this  engine,  in  the  fourth 
article  of  my  patent,  in  1769 ;  and  again,  in  the  speci- 
fication of  another  patent,  in  the  year  1784,  together 
with  a  mode  of  applying  it  to  the  moving  of  wheel 
carriages." 

For  many  years  subsequent  to  this,  the  improvement 
of  the  steam  engine,  acting  by  condensation,  seems  to 
have  wholly  occupied  the  scientific  world  ;  and  the  use 
of  steam,  acting  by  its  elastic  force  alone,  was  entirely 
abandoned  or  neglected.  Mr.  Homblower  had  a  patent, 
for  the  application  of  steam,  acting  both  by  its  expansive 
force,  and  by  condensation ;  but  it  is  to  Messrs.  Tre- 
vithick  and  Vivian,  that  we  owe  the  introduction  of  the 
steam  engine,  acting  solely  by  the  expansive  force  of 
the  steam.  In  March,  1802,  they  obtained  a  patent 
for  the  application  of  that  species  of  power,  to  propel 
carriages  upon  railroads. 
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Mr.  Woolf,  a  short  time  after,  made  a  series  of  ex- 
periments,  to  develope  the  law  of  action  of  steam,  at 
different  degrees  of  elasticity,  which  he  explained,  in 
his  patent  of  June  7>  1804. 

Art.  1. —  Trevithick  and  Vivian's  Engine. 

Messrs.  Trevithick  and  Vivian,  in  the  specification  of 
their  patent,  gave  a  drawing  of  their  engine,  applied  to 
move  a  carriage  upon  the  common  roads,  which  may  be 
seen  in  the  fourth  vol.  Rep.  Arts.  Qd  Series j  p.  241* 
The  carnage  there  delineated  resembles,  in  form,  the 
common  stage  coaches,  used  for  the  conveyance  of  pas- 
sengers ;  a  square  iron  case,  containing  the  boiler  and 
cylinder,  is  placed  behind  the  large,  or  hinder,  wheels  of 
the  carriage,  and  is  attached  to  a  frame,  supportied  from 
the  axles  of  those  wheels.  The  cylinder  was  in  a 
horizontal  position ;  and  the  piston-rod  was  projected 
backwards  and  forwards,  in  the  line  of  the  road  towards 
the  front  of  the  carriage.  Across  the  square  frame, 
supported  by  the  wheel  of  the  carriage,  an  axle  was 
extended,  reaching  a  little  beyond  the  frame  on  each 
side ;  this  axle  was  cranked  in  the  middle,  in  a  line 
with  the  centre  of  the  cylinder,  and  a  connecting  rod, 
passing  from  the  end  of  the  piston,  turned  this  axle 
round,  and  produced  a  continued  rotatory  motion  of  it, 
when  the  piston  was  moved  backwards  and  forwards  in 
the  cylinder.  Upon  both  ends  of  this  axle,  cog-wheels 
were  fixed,  which  worked  into  similar  cog-wheels  upon 
the  axle  of  the  wheels  of  the  carriages,  so  that,  when  a 
rotatory  motion  was  produced  in  the  cranked  axle  by 
the  piston-rod,  the  rotatory  motion  was  communicated 
to  the  axle  of  the  larger,  or  hinder,  wheels  of  the  car- 
riage ;  and  these  wheels  beiug  fixed  upon,  and  turning 
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round  with  the  axle,  gave  a  progressive  motion  to  the 
carriage.  Upon  one  end  of  this  axle  was  fixed  a  fly- 
wheel, to  secure  a  rotatory  motion  in  the  axle,  at  the 
termination  of  each  stroke. 

The  fore  wheels  of  tlie  carriage  were  of  the  usual 
form,  which,  turning  to  different  angles  with  the 
body  of  the  carriage,  directed  its  motion  upon  the 
road;  and,  in  cases  where  abrupt  turns  of  the  road 
required  sudden  clianges  in  the  direction  of  the  car- 
riage, the  toothed  or  cog  wheels,  on  either  side,  could 
be  thrown  out  of  geer,  and  the  opposite  wheel  made 
to  drive  the  carriage  into  the  proper  obliquity  of  the 
road. 

Upon  the  periphery  of  the  fly-wheel,  a  brake  was  at- 
tached, to  regulate  the  descent  of  the  carriage  down 
steep  hills.  The  contrivances,  to  effect  the  requisite 
motions  of  the  various  parts  of  this  machine,  are  ex- 
tremely ingenious ;  and,  considered  as  the  first  attempt 
of  the  application  of  steam  to  carriages,  upon  common 
roads,  it  is  entitled  to  great  commendation. 

The  many  objections  to  its  application,  upon  puUic 
turnpike  roads,  would,  we  presume,  operate  in  prevent- 
ing the  patentees  from  carrying  it  into  practice,  in  the 
manner  described  in  their  specification ;  they,  therefore, 
it  appears,  directed  their  attention  to  its  use  upon 
railroads.  * 

Two  years  after  the  date  of  this  patent,  we  find,  that 
Mr.  Trevithick  made  an  engine  in  South  Wales,  which 
was  tried  upon  the  Merthyr  Tydvil  railroad.  The 
engine  is  stated  to  have  had  an  eightinch  cylinder, 
with  a  four-feet  six-inches  stroke,  and  **  drew  after  it, 
upon  the  railroad,  as  many  carriages  as  carried  ten  tons 
of  bar-iron,  from  a  distance  of  nine  miles ;  which  it  per- 
formed without  any  supply  of  water,  to  tliat  contained 
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ill  the  boiler  at  the  time  of  setting  out ;  travelling  at  the 
rate  of  five  miles  an  hour." 

As  there  is  no  account  given  of  the  inclination  of  the 
road,  we  cannot  judge  of  the  real  performance  of  the 
engine.  It  had,  it  appears,  only  one  cylinder,  and, 
from  what  we  can  learn,  did  not  materially  differ,  in  con- 
struction, from  that  previously  described,  except  in  the 
form  of  the  carriage. 

The  great  obstacle,  to  the  introduction  of  steam  car- 
riages upon  railroads,  at  that  time,  was  the  supposed 
want  of  hold,  or  adhesion,  of  the  wheels  upon  the 
rails,  to  effect  the  locomotion  of  the  engine.  Messrs. 
Trevithick  and  Vivian,  in  their  patent,  recommended 
making  the  external  periphery  of  the  wheels  rough  or 
uneven,  by  using  projecting  heads  of  nails,  bolts,  or 
cross-grooves ;  or,  in  case  of  a  hard  pull,  to  cause  a 
lever,  bolt,  or  claw,  to  project  through  ^e  rim  of  one, 
or  both  of  the  wheels,  driven  by  the  engine,  to  take 
hold  of  the  ground.  But  it  will  appear  obvious  to  any 
one,  that  this  mode  of  remedying  one  defect,  would  be 
the  means  of  producing  another ;  for  any  projections, 
would  not  only  cause  considerable  resistance  to  the 
progressive  motion  of  the  engine,  but  would  also  tend 
to  injure  the  rails  of  the  road. 

Art.  ^.^^^Blenkinsoj/s  Engine. 

To  obviate  these  defects,  Mr.  Blenkinsop,  o£  Middle-^ 
ton  colliery,  near  Leeds,  in  1811,  obtained  a  patent  for 
the  application  of  a  rack,  or  toothed  rail,  stretched 
along  the  whole  distance  to  be  travelled  j  into  which 
cog-wheels,  turned  by  the  engine,  worked,  and  thus  pro« 
duced  a  progressive  motion,  in  the  carriages. 
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The  annexed  drawing,  No.  1,  will  convey  a  pretty  correct  idea  of 
the  mode  of  action,  of  this  kind  of  engine,  b  r,  represents  a  pordon 
of  the  rails,  consUtuUng  the  railroad,  on  the  side  of  which  were  cast 
the  semicircidar  protuberances,  or  projections,  1  1  ]>  &c  These 
semicircular  teeth  projected,  from  the  side  of  the  rail,  two  or  three 
inches,  thus  forming  a  longitudinal  toothed  rack,  which  was  extended 
the  whole  length  of  the  road,  a  a,  are  the  cylinders,  placed  within 
the  boiler.  The  action  waa  communicated,  by  the  pbtona,  to  the 
connecting  rods,  b  h,  which  transferred  the  motion  to  the  cranks,  e  e, 
turning  axles,  attached  to  the  inside  of  the  frame  of  the  carriage. 
Upon  the  axles,  on  which  these  cranks  were  fixed,  were  also  fixed  the 
pinion- wheels,  dd,  which  were  turned  round  by  the  cranks;  these 
two  pinion-wheels  conununicated  with  a  larger  cog-wheel,  t,  in  such 
a  manner,  that  both  contributed  in  producing  a  rotatory  motion  in  it> 
The  action  of  this  cog-wheel,  «,  extended  to  the  outside  of  the  thune 
of  the  engine,  and  upon  the  end  of  it  was  affixed  the  larger  tuuthed 
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wheel,  ^  which  was  thus  turned  round  by  the  large  cog-wheel,  and, 
consequently,  by  the  action  of  the  engine ;  and  the  teeth  of  this  cog- 
wheel, being  made  to  correspond  with,  and  lay  hold  of,  the  toothed 
projections,  on  the  side  of  the  rail,  a  progressive  motion  of  the 
carriage  was  thereby  effected.  The  steam,  after  performing  its  office, 
in  the  cylinder,  was  allowed  to  escape  into  the  atmosphere,  through 
the  pipe,  s.  The  boiler  was  cylindrical,  and  heated  by  a  circular 
tube  passing  through  it,  terminated,  at  one  end,  by  the  chimney. 
The  toothed  or  rack  rail,  was  only  laid  on  one  side  of  the  road, 
the  other  being  common  rails.  The  cog-wheels  were  varied  in 
size,  according  to  the  different  velocity  with  which  it  was  required  to 
travel. 

By  the  use  of  this  rack-rail,  Mr.  Blenkinsop's  engine 
was  enabled  to  ascend  acclivities,  which  Mr.  Trevi- 
thick's  engine,  from  the  want  of  adhesion,  could  not 
surmount.  Mr.  Blenkinsop,  soon  after  the  date  of 
his  patent,  erected  some  of  those  engines,  and  em- 
ployed them  upon  the  Middleton  colliery  railroad,  in 
conveying  coals  to  Leeds,  where  they  were  used  for 
several  years ;  but  it  having  been  since  proved,  that 
the  adhesion  of  the  wheels  was  sufficient,  to  accomplish 
the  progressive  motion,  the  rack-rail  has  been  aban- 
doned. 

The  engine,  erected  by  Mr.  Trevithick,  had  one 
cylinder  only,  with  a  fly-wheel,  to  secure  a  rotatory 
motion  in  the  crank,  at  the  end  of  each  stroke.  An 
engine  of  this  kind  was  sent  to  the  North,  for 
Mr.  Blackett,  of  Wylam,  but  was,  for  some  cause,  or 
other,  never  used  upon  his  railroad,  but  was  applied 
to  blow  a  cupola,  at  an  iron  foundry,  in  Newcastle. 
Mr.  Blackett,  however,  had,  in  1813,  an  engine  of  this 
kind  made,  and  set  upon  his  railroad,  which  worked 
by  the  adhesion  of  its  wheels  upon  the  rails.  Still, 
the  supposed  want  of  adhesion  formed  the  great  ob- 
stacle  to   their    introduction,    and    the    attention    of 
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engineers  was  directed^  to  obtain  a  substitute  for  this 
supposed  defect. 

Art.  3. —  Chapman* s  Engine. 

In  December,  1812,  Messrs.  William  and  Edward 
Chapman  obtained  a  patent,  for  a  mode  of  effecting 
the  locomotion  of  the  engine,  by  means  of  a  chain, 
stretched  along  the  middle  of  the  railroad,  the  whole 
length,  properly  secured  at  each  end,  and  at  proper 
intervals.  This  chain  was  made  to  wind  partly  round, 
or  to  pass  over,  a  grooved  wheel,  turned  by  the  engine, 
of  such  a  form,  that  the  wheel  could  not  turn  round, 
without  causing  the  chain  to  pass  along  with  it.  When 
this  wheel  was  turned  round  by  the  engine,  as  the  chain 
was  fastened  firmly  at  the  end,  and  could  not  be  drawn 
forward  by  the  wheel,  the  carriage  was,  therefore, 
moved  forward,  in  the  line  of  the  chain  and  road.  The 
carriages,  containing  the  goods,  were  attached  to  the 
engine  carriage,  and  thus  conveyed  along  the  railway. 
At  intervals  of  every  eight,  or  ten,  yards,  the  chain  was 
secured,  by  means  of  upright  forks,  into  which  it  fell, 
when  left  at  liberty ;  this  was  for  the  purpose  of  taking 
off  the  strain,  from^  the  chain,  when  more  than  one 
engine  was  travelling  by  it.  The  chain  was  prevented 
slipping,  when  the  grooved  wheel  was  turned  round, 
by  friction  rollers  pressing  it  into  the  groove.  Mr. 
Chapman  had  one  of  his  engines  tried  upon  the  Heaton 
railroad,  near  Newcastle,  but  it  was  soon  abandoned ; 
the  great  friction  of  the  chain,  and  also  its  liability  to 
get  out  of  order,  operated  considerably  against  it. 

Art.  if.^^Brunton^s  Engine. 

In  1813,  Mr.  Brunton,  of  Butterley  iron  works,  also 
obtained  a  patent  for  a  mode  of  accomplishing  the  loco- 
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motion  erf"  the  engine,  without  the  ^d  of  the  adhesaon 
of  the  wheels  upon  the  rail,  of  which,  as  it  displays 
great  ingenuity,  we  have  given  a  drawing. 


No.  2,  is  a  side  view  oFtbe  engine.  The  boiler  was  nearly  similar 
to  that  of  Mr.  Blenlunsop,  cylindrical,  with  a  tube,  pawing  through 
it,  to  contain  the  fuel.  The  cylinder,  a,  was  placed  on  one  side  of  the 
boiler ;  the  piston  rod  projected  out  behind,  horizontally,  and  was 
attached  to  the  leg,  ab,  ai  a,  and  to  the  reciprocating  lever,  ae, 
which  is  fixed  at  c.  At  the  lower  extremity  of  the  leg,  a  b,  feet  were, 
attached,  by  a  joint,  at  b.  These  feet,  to  lay  a  firm  hold  upon  the 
ground,  were  furnished  with  short  prongs,  which  prevented  them 
fVom  slipping,  and  were  sufficiently  broad,  to  prevent  their  injuring 
the  road. 

On  inspecting  the  drawing,  it  will  be  seen,  that  when  the  piston- 
rod  b  projected  out  from  the  cylinder,  it  will  tend  to  posh  the  end 
of  the  lever,  or  leg,  a,  from  it,  in  a  direction  parallel  to  the  line  of 
the  cylinder;  but  as  the  leg,  a 6,  is  prevented  from  moving  back- 
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wards,  by  the  end,  by  being  firmly  fixed  upon  the  ground,  the  reaction 
is  thrown  upon  the  carriage,  and  a  progressive  motion  given  to  it ; 
and  this  will  be  continued  to  the  end  of  the  stroke.  Upon  the 
reciprocating  lever,  ar,  is  fixed,  at  1,  a  rod,  1, 2,  3,  sliding  horizontally 
backwards  and  forwards  upon  the  top  of  the  boiler.  From  2  to  3  it  is 
furnished  with  teeth,  which  work  into  a  cog-wheel,  lying  horizontally ; 
on  the  opposite  side  of  this  cog-wheel  a  sliding  rack  is  fixed,  similar 
to  1,  2,  3,  which,  as  the  cog-wheel  is  turned  round  by  the  sliding 
rack,  2,  3,  is  also  moved  backwards  and  forwards.  The  end  of  this 
sliding  rod  is  fixed  upon  the  reciprocating  lever,  dcy  of  the  leg,  de, 
at  4.  When,  therefore,  the  sliding  rack,  shewn  in  the  drawing,  is 
moved  forward  in  the  direction  3,  2, 1,  the  opposite  rod,  4,  is,  by  the 
progressive  motion  of  the  engine,  moved  in  the  contrary  direction, 
and  the  leg,  de,  is  thereby  drawn  towards  the  engine;  and,  when 
the  piston-rod  is  at  the  farthest  extremity  of  the  stroke,  the  leg,  de, 
will  be  brought  close  to  the  engine.  The  piston  is  then  made  to 
return  in  the  opposite  direction,  moving  with  it  the  leg,  a  by  and  also 
the  sliding  rack,  1,  2,  3;  the  sliding  rack,  acting  on  the  toothed  wheel, 
causes  the  other  sliding  rod  to  move  in  the  contrary  direction,  and 
with  it  the  leg,  cfe.  Whenever,  therefore,  the  piston  is  at  the  ex- 
tremity of  the  stroke,  and  one  of  the  legs  is  no  longer  of  use  to 
propel  the  engine  forward,  the  other,  immediately  on  the  motion  of 
the  piston  being  changed,  is  ready,  in  its  turn,  to  act  as  a  fulcrum  or 
abutment  for  the  action  of  the  moving  power,  to  secure  the  continual 
progressive  motion  of  the  engine. 

The  feet  are  raised  from  the  ground  during  the  return  of  the  legs 
toward  the  engine,  by  straps  of  leather  or  rope,  fastened  to  the  legs, 
ziffy  and  passing  over  friction  sheeves,  moveable  in  one  direction 
only,  by  a  ratchet  and  catch,  worked  by  the  motion  of  the  engine. 
The  feet  are  described  of  various  forms  in  the  specification,  the 
great  object  being  to  prevent  them  from  injuring  the  road,  and  to 
obtain  a  firm  footing,  that  no  jerks  should  take  place  at  the  return 
of  the  stroke,  when  the  action  of  the  engine  comes  upon  them ;  for 
this  purpose,  they  were  made  broad,  with  short  spikes,  to  lay  hold  of 
the  ground. 

In  a  communication  to  the  editor  of  the  Repertory 
ofArtSy  vol.  24,  the  patentee  gives  an  account  of  an 
experiment,  made  with  one  of  those  engines,  which  he 
termed  his  mechanical  traveller.     The   boiler  was   of 
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wrought-iron,  five  feet  six  inches  long,  three  feet 
in  diameter ;  the  step  was  twenty-six  inches  long,  the 
piston-rod  having  a  stroke  of  twenty-four  inches ;  the 
weight  of  the  whole  forty-five  cwt.  **  The  machine 
being  placed  on  a  railway,  I  first  ascertained  the  power 
necessary  to  move  it  at  the  rate  of  two  miles  and  a 
half  in  an  hour,  which  I  found  to  be  eighty-four 
pounds.  I  then  applied  a  chain  to  the  hinder  part 
of  the  machine, — by  which,  as  the  machine  moved 
forward,  a  weight  was  raised  at  the  same  time  and 
rate,  and  found,  that,  with  steam  equal  to  forty,  or 
forty-five,  pounds  pressure  on  the  square  inch,  the 
machine  was  propelled  at  the  rate  of  two  miles  and 
a  half  per  hour,  and  raised  perpendicularly  812  lbs.  at 
the  same  speed ;  thus  making  the  whole  power  equal 
to  896  lbs.  at  two  miles  and  a  half  per  hour^  equal  to 
six  horses  nearly." 

About  this  time,  Mr.  Blackett  had  considerably  im- 
proved his  engines,  and,  by  experiments,  had  ascer- 
tained the  quantity  of  adhesion  of  the  wheels  upon 
the  rails ;  and  proved,  that  it  was  sufficient  to  effect 
the  locomotion  of  the  engine  upon  railroads  approach- 
ing nearly  to  a  level,  or  with  a  moderate  inclination. 
His  railroad  was  a  plate  rail,  and  would,  consequently, 
present  more  fHction,  or  resistance,  to  the  wheels  than 
an  edge  rail ;  and,  on  that  account,  the  amount  of 
adhesion  would  be  greater  than  upon  the  latter  rail. 
Still  the  credit  is  due  to  Mr.  Blackett,  for  proving 
that  the  locomotion  could  be  applied  by  that  means 
alone. 

The  first  attempt  of  Messrs.  Trevithick  and  Vivian 
failed,  and  though  this  was,  no  doubt,  owing  to  the  im- 
perfect construction  of  the  engine,  yet  it  appears  that 
the  cause  was  partly,  if  not  wholly,  attributed  to  the 
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want  of  adhesion  to  obtain  locomotion ;  and  hence,  we 
find  the  engineers  alluded  to,  attempting  to  produce 
locomotion  by  other  means  ;  Mr.  Blenkinsop,  by  means 
of  a  cog-rail ;  Mr.  Chapman,  by  the  chain  j  and 
Mr.  Brunton,  by  means  of  moveable  legs. 

Art  5. — Blacketfs  Engine* 

It  was,  however,  a  question  of  the  utmost  importance, 
to  ascertain,  if  the  adhesion  of  the  wheels  of  the  engine, 
upon  the  rails,  were  sufficient  to  produce  a  progressive 
motion  in  the  engine,  when  loaded  with  a  train  of  car- 
riages, without  the  aid  of  any  other  contrivance ;  and  it 
was  by  the  introduction  and  continued  use  of  them, 
upon  the  Wylam  railroad,  that  this  question  was  de- 
cided ;  and  it  was  proved  that,  upon  railroads  nearly 
level,  or  with  very  moderate  inclination,  the  adhesion 
of  the  wheels  alone  was  sufficient,  in  all  the  different 
kinds  of  weather,  when  the  surface  of  the  rails  was  not 
covered  with  snow. 

Mr.  Hedley  informs  us,  that  they  first  tried,  by 
manual  labour,  how  much  weight  the  wheels  of  a  com- 
mon carriage  would  overcome,  without  slipping  round, 
upon  the  rail ;  and,  having  found  the  proportion  it  bore 
to  the  weight,  they  thence  ascertained,  that  the  weight 
of  the  engine  would  produce  sufficient  adhesion  to  drag 
after  it,  upon  their  railroad,  a  requisite  number  of 
waggons. 

The  first  engine  applied  upon  the  Wylam  railroad, 
had  only  one  cylinder,  with  a  fly-wheel,  to  regulate  the 
action  of  the  crank ;  but  it  was  found  to  be  very 
troublesome,  and  its  action  very  uncertain.  When  the 
engine  was  stopped,  and  the  crank  and  connecting  rod 
in  the  same  line,  the  power  of  the  cylinder  had  then  no 
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e^ct,  in  turning  the  crank  round ;  and  the  engine  had 
to  be  moved  by  levers,  applied  to  the  spokes  of  the 
fly-wheel,  until  the  crank  formed  such  an  angle,  with 
the  connecting  rod,  that  the  engine  got  sufficient  power 
to  produce  a  rotatory  motion,  and  propel  itself  forward. 
This  occasioned  frequent  delays,  and  the  irregular 
action  of  the  single  cylinder,  produced  jerks  in  the 
machinery,  and  had  a  tendency  to  shake  the  machine 
in  pieces ;  for  some  time,  however,  the  whole  of  the 
coals,  was  taken  down  the  railroad  by  this  kind  of 


Art  6. — Stephenson's  KiUingwortli  Engine. 

In  the  early  part  of  the  year,  1814,  an  engine  was 
constructed  at  Killingworth  colliery,  by  Mr.  George 
Stephenson,  and  on  the  ^th  July,  1814>,  was  tried  upon 
that  railroad.  This  engine  had  two  cylinders,  eaclt 
eight  inches  in  diameter,  and  two-feet  stroke ;  the  boiler 
was  cylindrical,  eight  feet  long,  and  thirty-four  inches 
in  diameter ;  the  tube,  twenty  inches  in  diameter,  passing 
through  the  boiler. 

No.  3. 


No.  3.  will  ahew  the  maiiiier  by  which  the  power  of  the  engine  was 
communicated  to  the  wheels,  and  the  locomotion  elTected.  a  a,  arc 
the  wheels  of  the  carriage,  supporting  the  engine ;  b  a,  the  frune  of 
the  carriage,  on  which  the  boiler  was  fixed ;  a  b,  and  c  d,  connectiDg 
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rods,  similar  to  bc,bcf  No.  1,  transferring  the  motion  from  the  piston 
to  the  crank,  b  c,  and  df,  are  the  cranks  which  turn  the  two  cog- 
wheelfly  ef;  the  cftmks  are  placed  in  such  a  position,  with  respect  to 
each  other,  that  when  one  of  them  is  perpendicular,  or  in  a  line  with 
the  connecting  rod,  the  other  is  hdrizontal,  and  at  right  angles  to 
it ;  and  this  arrangement  is  continually  secured,  by  the  interposition 
of  another  cog-wheel,  of  the  same  size,  and  working  into  the  other 
cog-wheels,  e  aitdf. 

Two  larger  cog-wheels,  k,  and  k,  are  fixed  upon  the  axles  of  the 
carriage-wheels,  which,  when  the  small  wheels  e,  and  ff  are  turned 
round,  by  the  rotatory  motion  of  the  crank,  are,  abo,  turned  round, 
and,  with  them,  the  wheels  of  the  engine. 

The  wheels  of  the  engine  being  thus  turned  round, 
upon  their  axis,  the  friction,  or  adhesion,  of  the  rims, 
against  the  rails,  preventing  them  from  turning,  or 
sliding,  round  upon  the  rail,  would,  necessarily,  cause 
them  to  roll  forward,  and  thus  produce  a  progressive 
motion  in  the  engine. 

-  If  the  power  required  to  produce,  or  the  resistance 
opposed  to,  the  progressive  motion  of  the  wheels,  were 
greater  than  the  friction,  or  adhesion,  of  the  exterior 
surface  of  the  periphery  of  the  wheels,  upon  the  rail, 
the  wheels  would  then  slide  round,  and  the  engine 
would  stand  still ;  but  so  long  as  the  former  does  not 
exceed  the  latter,  the  wheels  will  always  roll  forward, 
along  the  rails,  and  effect  the  progressive  motion  of 
the  engine. 

In  this  engine,  the  small  cog-wheels,  e,  g^f^  were 
each  twelve  inches  in  diameter,  and  the  cog-wheels, 
upon  the  axles  of  the  travelling  wheels,  twenty- 
four  inches  in  diameter;  so  that  the  cranks  made 
two  revolutions,  for  one  revolution  of  the  engine 
wheels. 

This  engine  was  tried  upon  the  Killingworth  colliery 
nulroad,  July  27,  1 814,  upon  a  piece  of  road  with  the 
edge  rail,  ascending  about  one  yard  in  450 ;  and  was 
found  to  drag  after  it,    exclusive  of  its   own  weight. 


LOCOMOTIVE    STEAM    ENGINES.  289 

eight  loaded  carriages,  weighing,  altogether,  about 
thirty  tons,  at  the  rate  of  four  miles  an  hour ;  and,  after 
that  time,  continued  regularly  at  work. 

The  ^plication  of  the  two  cylinders,  rendered  the 
action  of  the  engine  regular,  and  secured  the  continual 
progressive  motion ;  thus  remed3ring  the  imperfection, 
caused  by  the  irregular  action  of  the  single  cylinder, 
and  fly-wheel. 

When  the  engine  had  been  at  work  a  short  time,  it 
was  soon  found,  that  sufficient  adhesion  existed  upon 
the  edge  rail,  to  perform  the  requisite  traction  to  the 
load.  At  first,  grooved  sheeves  were  fixed  upon  the 
hinder  travelling  wheels  of  the  engine,  and  similar 
grooved  sheeves  upon  the  fore-wheels  of  the  convoy 
carriage,  containing  the  coals  and  water,  with  an  endless 
chain,  working  over  each,  to  procure  the  adhesion  of 
the  wheels  of  the  convoy  carriage,  in  addition  to  the 
adhesion  of  the  engine  wheels ;  but,  on  trial,  it  was  not 
found  necessary  to  resort  to  the  aid  of  this  contrivance, 
as  the  adhesion  of  the  engine  wheels  alone  was  found 
sufficient,  to  produce  the  desired  effect. 

The  communication  of  the  pressure  upon  the  pistons 
to  the  travelling  wheels,  by  the  cog-wheels,  produced 
great  noise,  and,  in  some  parts  of  the  stroke,  consider- 
able jerks;  each  cylinder  alternately  propelling,  or 
becoming  propelled  by,  the  other,  as  the  pressure  of 
one,  upon  the  wheels,  became  greater  or  less  than  the 
pressure  of  the  other ;  and,  when  the  teeth  became  at 
all  worn,  caused  a  rattling  noise.  If  any  play,  or  space, 
existed  between  each  tooth  of  the  cog-wheels,  the  tran- 
sition of  this  power,  from  one  side  of  the  teetli  to  the 
other,  always  occasioned  a  jerk ;  and  this  became 
greater,  as  the  teeth  became  more  worn,  and  the  space, 
or  play,  between  each  tooth  increased. 

To  obviate  this,  became  desirable,  and  Mr.  Stephcn- 
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son,  in  conjunction  with  Mr.  Dodd,  took  out  a  patent 
for  a  method  of  communicating  the  power  of  the  en- 
gine, directly,  to  the  wheels,  without  the  aid  of  these 
Cog-wheels.  The  patent  was  dated  Feb.  28,  1815,  and 
consisted  of  the  application  of  a  pin,  upon  one  of  the 
spokes  of  the  wheels  that  supported  the  engine,  and  by 
which  it  travelled  upon  the  railroad;  the  lower  end 
of  the  connecting  rod  being  attached  to  it  by,  what  is 
termed,  a  ball  and  socket  joint,  and  the  other  end  of  the 
connecting  rod  being  attached  to  the  cross-beam,  worked 
up  and  down  by  the  piston. 

a  by  No.  4,  page  292,  represents  the  connecting  rod,  the  end,  a, 
attached  to  the  cross-beam,  and  the  end,  b,  to  one  of  the  spokes  of 
the  wheel,  A.  In  like  manner,  the  end,  d,  of  the  connecting  rod,  cd, 
is  attached  to  the  beam  of  the  other  piston,  and  c,  to  a  pin,  fixed  in 
the  spokes  of  the  wheel  b.  By  these  means,  the  reciprocating 
motion  of  the  piston,  and  connecting  rod,  is  converted,  by  the 
pin,  upon  the  spokes,  acting  as  a  crank,  into  a  rotatory  motion ;  and 
the  continuation  of  this  motion  secured,  by  the  one  pin,  or  crank, 
being  kept  at  right  angles  to  the  other,  as  shewn  in  the  drawing. 

To  keep  one  of  the  engine  cranks  always  at  right 
angles  to  the  other,  the  patentees  had  two  methods  : — 
to  crank  the  axle  on  which  each  of  the  wheels  was 
fixed,  with  a  connecting  rod  between,  to  keep  them 
always  at  the  same  angle,  with  respect  to  each  other  j  or, 
to  use  a  peculiar  sort  of  endless  chain,  passing  over  a 
toothed  wheel,  on  each  axle.  This  endless  chain,  at 
first,  consisted  of  one  broad  and  two  narrow  links, 
alternately,  fastened  together  at  the  ends  with  bolts ; 
the  two  narrow  links  being  on  the  outside  of  the  broad 
link.  Consequently,  the  distance  they  were  separated 
laterally,  would  be  equal  to  the  breadth  of  the  broad 
link,  which  was,  generally,  about  two  inches,  and  their 
length  three  inches.  The  periphery  of  the  wheels, 
fixed  upon  the  axles  of  the  engine,  was  furnished  with 
cogs,  projecting  firom  the  rim  of  the  wheels,  about  an 
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inch,  or  one  and  a  half  inches.  When  the  wheel 
turned  round,  these  projecting  cogs  entered  between 
the  two  narrow  links,  thus,  having  a  broad  link  between 
every  two  cogs,  and  resting  on  the  rim  of  the  wheel ; 
these  cogs,  or  projections,  caused  the  chain  to  move 
round  with  the  wheel,  and  completely  prevented  it  from 
slipping  round  upon  the  rim.  When,  therefore,  this 
chain  was  laid  upon  these  two  toothed  wheels,  one 
wheel  could  not  be  moved  round  without  the  other 
moving  round  at  the  same  time  with  it ;  which  thus 
secured  the  proper  angles  to  the  two  cranks. 

This  mode  of  communicating  the  action  of  the 
engine,  from  one  wheel  to  another,  is  shewn  in  the 
drawing  of  No.  4,  page  292 ;  the  wheels  a,  and  b, 
having  each  projecting  cog-wheels,  round  which  the 
endless  chain  passes.  This  contrivance  entirely  super- 
seded the  use  of  the  cog-wheels,  and  was  without  the 
jolts  or  jerks  incident  to  them  ;  for,  when  the  chain 
got  worn  by  frequent  use,  or  was  stretched,  so  as  to  be- 
come too  long,  one  of  the  chairs  of  the  axle  was  made 
to  move  back  to  tighten  it,  until  a  link  could  be  taken 
out,  when  the  chair  was  moved  to  its  former  situation. 

An  engine  of  this  construction,  was  tried  upon  the 
Killingworth  railroad,  on  March  6th,  1815,  and  found  to 
work  remarkably  well. 

The  next  improvement  by  Mr.  Stephenson,  was  part 
of  the  subject  of  the  patent  of  Messrs.  Losh  and 
Stephenson,  so  often  mentioned  previously.  Consider- 
ing, in  general,  the  disappointments  met  with  in  the 
eventual  utility  of  most  of  the  patents,  this  appears  a 
rare  instance  to  the  contrary ;  more  general  benefit  has 
been  derived  from  the  different  contrivances,  exhibited 
in  this  patent,  than  in  any  other  on  the  subject  of  rail- 
road conveyance  ;  and,  indeed,  than  many  on  any  other 
subjects,  and  it  certainly  confers  great  credit  upon  the 
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patentees.  This  improvement  being  very  minutely  de- 
scribed, in  the  specification  of  their  patent ;  and  the 
advantage  derived  being  very  judiciously,  and  very 
clearly  stated,  ve  shall  give  it  in  their  own  words : — 

"  In  what  relates  to  the  locomotive  engines,  our  in- 
vention  consists  in  sustaining  the  weight,  or  a  proportion 
of  the  weight,  of  the  engine  upon  pistons,  moveable 
within  cylinders,  into  which  the  steam  or  water  of  the 
b(Mler  is  allowed  to  enter,  in  order  to  press  upon  such 
pistons }  and  which  pistons  aie,  by  the  intervention  of 
certain  levers  and  connecting  rods,  or  by  any  other 
efiective  contrivance,  made  to  bear  upon  the  axles  of 
the  wheels  of  the  carriage,  upon  which  the  engine 
rests." 
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eee.  No.  4^  shew  the  cylinders  phwsed 
wttbia  the  boiler,  oae  side  of  which,  in  the 
drawing,  is  supposed  to  be  removed,  to 
expose  them  to  view.  They  are  screwedi 
by  flanches,  to  one  side  of  the  boiler,  and 
project,  within  it,  afew  inchefl,  and  are  open, 
at  the  top,  to  the  steam,  or  water,  in  the 
boiler,  ggg,  are  solid  pistons,  filling  the 
interior  of  the  cylinders,  and  packed,  in  the 
common  way,  to  render  them  steam  tight. 
The  cylinders,  in  the  figure,  are  drawn,  as 
cut  through  the  middle,  to  shew  the  pistons. 
The  cylinder  is,  also,  open  at  the  bottom, 
and  is  screwed  upon  the  frame,  of  the  en- 
{pne.  The  pistons  are  furnished  with  a  rod, 
in  a  similar  way  to  other  pistons,  inverted 
and  securely  fixed  to  it ;  the  lower  end  of 
which,  passes  through  a  hole  in  the  frame, 
which  supports  the  engine,  and  presses 
upon  the  chair,  that  rests  on  the  axis  of  the 
wheeb,  on  which  the  carriage  moves.  The 
chair  has  liberty  to  move  up,  and  down,  with 
the  piston-rod.  When,  therefore,  the  steam 
presses  upon  the  piston,  the  weight  is  trans- 
mitted, to  the  axle,  by  the  piston  rod  ;  and 
the  re-action  of  that  pressure  takes  as  much  weight  off  the  engine.  If, 
therefore,  the  cylinders  are  of  sufficient  area,  so  that  the  pressure,  of  the 
steam,  upon  the  whole  of  the  pistons,  is  equal  to  the  weight  of  the  engine, 
the  engine  will  be  lifted  up,  as  it  were,  or  entirely  supported  by  the  steam, 
which  thus  forms  a  kind  of  spring,  of  the  nicest  elasticity. 

The  weight  of  the  engine  forming  one  great  obstacle  to  its  introducUoD 
where  the  raib  were  weak,  it  was  of  the  utmost  importance  to  find  out 
some  remedy.  Mr.  Chapman,  in  his  patent  for  the  application  of  a  chain, 
described  a  plan  of  placing  the  weight  of  the  engine  upon  two  frames, 
supported  by  six  or  eight  wheels ;  and  the  Wy  I  am  engines,  being  heavier 
than  the  rails  would  bear,  were  placed  upon  eight  wheels ;  but  the  com. 
plication  attendant  on  so  many  wheels,  and  the  unwieldy  nature  of  such  a 
length  of  framing,  formed  altogether  so  many  objections,  as  to  render  them 
almost  useless,  as  a  species  of  moving  power. 

The  application  of  the  steam-bearing  cylinders,  divided  the  weight  equally 

upon  the  four  wheels,  and,  if  necessary,  upon  six  wheels,  as  shewn  in  No.  4, 

page  292 ;  and  thus  caused  one  frame  to  be  sufficient,  and,  consequently, 

simplified  their  construction  proportionably. 

*  M  ^ 
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Having  thus  given  a  sort  of  historical  account  of  the 
introduction  of  the  locomotive  engine,  its  gradual  and 
successive  improvements  up  to  a  certain  date,  and,  in 
doing  so,  described  many  of  the  detached  parts  entering 
into  its  construction  ;  we  shall  now  proceed  to  describe 
the  whole  combined,  as  forming  an  engine,  long  in  use 
upon  the  Killingworth  railroad,  which,  though  inferior 
in  neatness  to  those  now  in  use  upon  the  public  lines  of 
road,  forms  a  very  useful  and  economical  description  of 
engine. 

No.  5. 


No.  5, 
liag«298. 
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No.  6. 


No9.  B  and  6,  represent  a  side  and  end  view  of  one  of  the  engines 
lued  upon  the  Killingworth  Railroad. 

The  boiler  is  of  malleable  iron,  cylindrical,  with  hemiapherical 
ends.  A  cylindrical  tube  passes  through  the  boiler,  within  two  inches 
of  the  bottom ;  in  one  end  of  this  tube  the  fire  is  placed,  and  the 
other  end  is  terminated  by  a  chimney.  The  grate,  whereon  the  fire 
is  laid,  is  placed  rather  below  the  middle  of  the  tube,  and  reaches 
about  four  feet  within  it,  resting,  at  the  further  end,  upon  a  narrow 
partition  of  brick,  cloung  up  the  lower  side  of  the  tube  below  the 
bars.  F,  No.  6,  shews  the  fire  door,  which,  at  the  tube  end  of  the 
fire,  closes  up  the  upper  side  of  the  tube ;  thus  forcing  the  tur 
through  the  fire  in  the  usual  manner.  In  some  of  the  engines,  this 
tube,  instead  of  passing  through  the  boiler,  b  made  to  return,  and 
pass  out  at  the  same  end  as  the  fire  grate.  The  boiler  rests  upon 
a  square  frame  of  wood,  or  iron,  supported  by  the  springs,  a  a,  two 
on  each  side.  The  chairs  on  whidi  the  axles  of  the  engine  rest, 
tJ   4 
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are  either  of  brass  or  east  iron,  four  inches  in  length,  and  reach  to 
the  semi-circumference  of  the  axle ;  they  are,  as  shewn  in  the  draw- 
ing, made  to  slide  up  and  down  within  the  guides,  b  by  and  the 
action  of  the  springs  is  communicated  to  them  by  a  pin,  passing 
through  a  hole  in  the  frame  of-  the  engine ;  one  end  of  the  pin 
resting  on  the  back  of  the  spring,  and  the  other  on  the  upper  side 
of  the  chair  or  bearing.  The  wheels  are  thus  made  to  yield  to  any 
inequality  of  the  road.  The  cylinders  are  placed  vertically,  and 
partly  within  the  boiler,  as  shewn  at  a  a,  in  the  drawings.  They  are 
lined  on  the  inside  with  sheet  copper,  the  piston-rods  work  through 
stuffing  boxes,  in  the  usual  way,  and  are  attached  to  the  cross  beams, 
B  B,  and  c  c ;  sometimes  formed  of  a  solid  piece  of  wrought  iron, 
and  at  times  of  the  form  represented  in  No.  2.  The  rectilinear 
motion  of  the  piston-  rod  is  secured  by  the  slides,  «,  Sy  s,  s,  fiastened  to 
the  projecting  arms,  c  c,  cast  upon  the  top  of  the  cylinder,  and  kept 
perpendicular  by  the  braces,  d  (L 

The  connecting  rods,  b  d,  and  c  d,  are  attached  to  the  ends  of 
the  cross  beams,  by  ball  and  socket  joints ;  and  at  the  other  end,  by 
similar  joints  to  a  pin,  fixed  upon  one  of  the  spokes  of  the  engine 
wheels  at  d  d.  To  strengthen  this  spoke,  the  two  adjoining  spokes  are 
connected  with  it  by  a  circular  piece  of  metal  joining  the  three  spokes. 

To  secure  a  continued  rotatory  motion  of  the  whole,  the  arrange- 
ments of  the  pistons  are  such,  that  when  one  is  at  the  top  or  bottom 
of  the  cylinder,  the  other  is  at  half  stroke  ;  and  thus,  either  the  one 
or  the  other,  is  constantly  in  effective  action.  Thus,  as  shewn  in  the 
drawing,  while  the  spoke  forming  the  crank  of  one  is  perpendicular, 
the  other  is  horizontal.  This  position  of  the  pistons,  with  respect  to 
each  other,  was,  as  previously  stated,  secured  by  an  endless  chain 
passing  over  cog-wheels,  fixed  upon  the  axles  of  the  engine.  In  the 
old  engines,  this  chain  consisted  of  flat  links ;  but  they  were  subse- 
quently made  of  a  circular,  and  flat  link  alternately.  The  teeth  or 
projections  of  the  wheel,  protruding  themselves  between  the  flat 
links,  and  the  round  links  falling  into  the  circular  cavities  between 
each  projecting  tooth : — The  advantage  of  this  form  of  link  was,  Uiat 
the  circular  links  were  at  liberty  to  move  round ;  and  by  thus  con* 
tinually  presenting  a  different  surface  to  the  teeth  of  the  wheel,  the 
wear  was  equalized.  The  firiction  of  this  chain  was  comparatively 
trifling,  the  links,  falling  as  it  were,  into  their  places,  without  sliding, 
occasioned  little  wear,  and  consequently  little  friction. 

However  good  in  other  respects,  this  chain  had  Its  defects,  and  it 
has  been  superseded,  by  the  cranks  and  connecting  rod,  represented 
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in  tbe  drawing.  By  continued  working,  the  chain  was  apt  to  stretch, 
and  a  contriyance  was  resorted  to,  of  the  removal  of  the  chairs  from 
each  other,  to  tighten  the  chain  ;  but,  as  this  could  only  be  done  al 
certain  periods,  the  chain  was  frequently  getting  slack.  When  this 
took  place,  and  when  the  full  power  of  one  of  the  cylinders  w^ 
applied  upon  one  pair  of  wheels,  while  the  other  connecting  rod  was 
upon  the  centre,  and  therefore  not  capable  of  acting  at  all  upon  the 
other  wheels,  the  rotation  of  the  latter  depended  upon  the  action  of 
the  chain ;  if  the  chain  was,  therefore,  slack,  it  occasioned  a  slipping 
of  the  wheel,  until  the  links  of  the  chain  laid  hold  of  the  projections 
of  the  wheel  in  the  direction  in  which  the  chain  was  moving  round ; 
and  this  slipping  alternately  occurred  by  each  of  the  wheeb  in  suc- 
cession, as  they  became  the  predominant  moving  power.  Such  a 
slipping  being  injurious  to  the  rails,  the  chain  was  laid  aside,  and 
the  connection  effected  in  the  following  manner.  The  pins  fixed 
upon  the  spokes  of  the  wheel,  to  which  the  connecting  rod  is 
attached,  are  projected  outwards ;  upon  one  of  these  pins,  on  each 
side,  a  crank,  J)ft  is  fixed,  within  which  the  connecting  rod  of  the 
pistons  work,  as  shewn  in  No.  6.  This  crank  is  placed  in  such  a 
position,  that,  with  respect  to  the  axle  of  the  wheels,  the  two  ends 
are  at  right  angles  with  each  other;  the  extreme  end  of  which 
partakes  of  precisely  the  same  motion,  and  is  always  parallel  with 
the  pin  at  the  end  of  the  connecting  rod  of  the  other  cylinders. 
A  rod,  fff  o,  fixed  at  one  end  of  the  crank,  and  at  the  other,  to 
the  pin  in  the  wheel  of  the  other  cylinder,  thus  connects  the  whole 
together,  and  keeps  the  pistons  always  in  the  same  position  with 
respect  to  each  other.  This  rod  being  keyed  fast  at  each  end,  effec- 
tually prevents  any  partial  slipping  of  the  wheels,  unless  the  whole 
partake  of  the  same  motion. 

The  wheels,  as  shewn  in  the  figure,  are  four  feet  diameter ;  the 
naves,  and  spokes,  are  made  of  cast  iron,  the  former  being  rimed  out, 
to  fit  the  axle,  which  is  fastened  to  it,  by  means  of  iron  keys.  The 
axles  are  of  wrought  iron,  three  inches  and  a  half  in  diameter,  and 
are  turned  perfectly  round,  where  the  chair  rests  upon  them,  and  also 
at  the  extreme  end,  which  passes  into  the  nave  of  the  wheeL  The 
rim  Was  formerly  of  cast  iron,  the  whole  of  the  wheel  being  cast  in 
one  piece;  experience  having,  however,  proved  the  rapid  wear  of 
cast  iron,  in  1827  I  had  a  rim,  or  tire,  of  wrought  iron,  put  upon 
one  set  of  the  Killingworth  engine  wheeb;  and  since  that  time 
similar  tires  have  been  extensively  used,  not  only  for  locomotive 
engine  wheeb,  but,  abo,  for  the  wheels  of  coomion  carriages,  on 
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{Public  railways.  When  these  tires  are  laid  upon  the  cast  iron  wheels, 
the  periphery  of  the  wheeb  are  turned,  and  the  tires  are  laid  on  at 
that  temperature,  which  causes  them  to  embrace  the  rim  sufficiently 
tight,  to  prevent  them  coming  off.  Experience  having  shewn,  that 
when  the  carriages  do  not  travel  at  a  velocity  that  heats  the  rim, 
such  a  plan  of  laying  on  iron  tires  is  sufficient.  At  great  rates  of 
travelling,  wooden  spokes,  and  fellies,  have  been  used  by  Mr.  Ste- 
phenson, and  entirely  wrought-iron  wheels,  by  Mr.  Losh,  on  which 
the  wrought-iron  tires  are  laid ;  these  tires,  in  all  cases,  being  rolled 
into  <  the  form  suitable  for  travelling  upon  the  edge  ndL 

The  steam  is  communicated,  from  the  boiler,  to  the  cylinders, 
through  a  passage,  the  area  of  which  is  regulated  by  the  sliding  lever, 
or  handle,  ly  No.  5,  which,  of  course,  restricts  the  quantity,  and  re- 
gulates the  velocity,  of  the  engine.  The  steam  is  admitted  to  the  top, 
and  bottom,  of  the  piston,  by  means  of  a  sliding  valve,  which,  being 
moved  up  and  down,  alternately,  opens  a  communication  between  the 
top,  or  bottom,  of  the  cylinder,  and  the  pipe,  r  r,  that  is  open  into 
the  chinmey,  and  turns  up  within  it 

The  steam,  after  performing  its  office  within  the 
cylinder,  is  thus  thrown  into  the  chimney,  and  the 
power  with  which  it  issues  being  proportionate  to  the 
degree  of  elasticity ;  and  the  exit  being  directed  up- 
wards, it  accelerates  the  velocity  of  the  current  of  heated 
air  accordingly. 

The  action  of  the  steam  engine  is  now  so  well  known, 
that  it  will  not  be  necessary  to  describe  the  mode,  by 
which  the  rectilinear  motion  of  the  piston,  is  converted 
into  the  rotatory  one  of  the  wheels,  and  the  progressive 
motion  of  the  carriage  thereby  affected ;  a  slight  inspec- 
tion of  the  drawing  will  convey  to  those  having  the 
slightest  knowledge  of  machinery,  the  manner  in 
which  it  is  done,  as  nothing  can  be  more  simple  and 
effective. 

The  sliding,  or  steam  valve,  is  opened  and  shut,  at  the  proper 
periods,  by  the  following  contrivance ;  a,  No.  5,  page  294*,  represents 
the  axle,  of  the  travelling  wheels,  of  the  carriage ;  ab,  is  a  lever 
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fastened  upon,  and  turning  round  at  the  same  time  with  it ;  6  c,  it  a 
circular  opening  in  the  eccentric  circle,  d  e^  within  which  a  pin, 
attached  to  the  end  of  the  lever,  a  6^  is  at  liberty  to  move ;  this 
eccentric  circle  is  loose,  upon  the  axle  of  the  carriage,  and  is  only 
turned  round,  when  the  pin,  at  the  end  of  the  lever,  a  b^  arrives  at 
b  or  c,  according  to  the  direction,  in  which  it  is  moving.  A  circular 
hoop,  or  strap  of  iron,  fits  the  circumference  of  the  eccentric  motion, 
connected  to  the  lever,  fg  A,  which  is  moved  backwards,  and  for* 
wards,  as  the  axle,  and  eccentric  ring,  turns  round.  As  this  lever  it 
moved,  its  motion  is  communicated  to  the  arm,  iky  bb  shewn  in  No. 5 
also,  and  through  it,  by  the  lever,  k  (  and  rod,  /m,  to  the  cross  head 
tn  ff,  and  so  to  the  rod,  n  o,  of  the  sliding,  or  steam  valve,  which,  as 
the  carriage  is  moved  forward,  is  thus  worked,  up  and  down,  to  open 
and  shut  the  communication  between  the  two  sides  of  the  cylinder 
and  the  boiler,  at  the  proper  periods. 

Before  the  application  of  this  mode,  the  measure  was 
effected  by  a  square  box,  or  tumbler.  It  seemed  to  me, 
firom  the  irregularity  of  the  noise,  caused  by  the  exit  of 
the  steam  into  the  atmosphere,  that  the  changes  were 
not  made  at  the  proper  time  of  stroke,  and  I  applied 
this  as  a  sort  of  experimental  plan,  by  which,  on  alter- 
ing the  screws,  A,  and  i,  the  steam  could  be  thrown  into 
the  cylinder  at  any  time  of  stroke.  I  soon  found  that 
there  was  a  certain  time,  at  which  the  opening  into  the 
cylinder  should  be  made,  when  the  effect  was  the 
greatest;  and,  as  the  common  tumbler  did  not  effect 
this  at  the  same  period  of  stroke,  when  the  carriage 
was  moved  in  both  directions,  I  retained  this  mode  of 
working  the  slides  permanently. 

It  will  be  seen,  that  the  rod,  «,  moves  through  the 
head  of  the  lever,  ki;  by  this  contrivance,  the  rod 
moves  a  considerable  distance  without  moving  the 
slide  at  all ;  and,  therefore,  enables  us  to  use  an 
eccentric  of  a  much  larger  diameter,  and,  therefore, 
the  slide  is  moved  much  quicker  than  with  a  smaller 
eccentric. 

•  u  6 
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j9y  No.  69  is  the  man-hole  door,  to  have  access  into  the  interior  of 
the  boiler ;  9,  is  the  safety  valve,  to  allow  the  steam  to  escape,  when 
the  elasticity  becomes  too  great  It  is  loaded  with  the  weight,  w,  cor- 
reqMBding  with  the  pressure  of  steam,  which  it  is  found  requisite  to 
retain  within  the  boiler. 

The  boiler  is  supplied  with  water  by  means  of  a  small 
forcing  pump,  p,  fixed  to  the  side  of  the  boiler,  and 
worked  by  the  rod,  t,  attached  to  the  cross-beam  of  the 
engine.  The  diameter  of  this  pump  is  very  small,  that 
the  quantity  of  water  injected  shall  not  reduce  the  tem- 
perature of  steam  in  the  boiler,  so  as  to  be  injurious, 
and  check  the  regular  supply  of  steam  to  the  cylinder. 
The  quantity  of  water  required  not  being  great,  it  is 
pumped  in  at  proper  intervals,  when  the  draught  is 
not  heavy,  and  when  the  pressure,  or  elasticity  of  the 
steam,  is  not  required  to  be  very  powerful. 

When  the  engine  is  used  for  travelling,  the  boiler 
is  inclosed  within  a  wooden  covering,  consisting  of 
thin  narrow  deals,  to  prevent  the  radiation  of  heat; 
if  this  is  not  done,  the  wind  has  great  effect  in 
reducing  the  temperature,  by  the  rapid  abstraction  of 
heat 

The  water  and  coals,  required  for  the  regular  wants 
of  the  engine,  are  carried  in  a  convoy-carriage,  attached 
to  the  engine.  The  size  of  this,  and  the  quantity  car- 
ried, will,  of  course,  depend  upon  the  length  of  the 
stages  the  engine  has  to  travel,  or  the  convenience  of 
obtaining  them. 

The  train  of  carriages  moved  by  the  engine  is  most 
frequently  attached  to  the  convoy-carriage;  but  the 
engine  can,  also,  drive  the  carriages  in  the  front,  by 
propelling  them  forward ;  but  this  is  very  liable  to  drive 
the  carriages  from  off^  the  road,  especially  when  curves 
in  the  line  of  road  occur. 
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Such  was  the  form  of  engine  which,  with  trifling 
modiflcations,  was  used  until  the  year  1829 ;  the  maxi- 
mum practical  performance  of  such  an  engine,  weighmg, 
with  tender,  about  ten  tons,  being  equal  to  convey  forty 
tons,  at  the  rate  of  six  miles  an  hour ;  the  evaporating 
power  being  equal  to  about  fifteen  gallons  of  water  per 

hour. 

Art.  7« — Liverpool  experiments. 

In  the  spring  of  the  year  1829,  the  Liverpool  and 
Manchester  railway  had  made  considerable  progress 
towards  completion ;  and  it  became  necessary  that  the 
Directors  should  determine  as  to  the  power  that  should 
be  employed  upon  it,  for  the  conveyance  of  mer- 
chandise, &c.  They  had  previously,  in  the  year  1828^ 
appointed  a  deputation  of  their  body,  to  visit  the  rail- 
ways in  the  counties  of  Northumberland  and  Durham, 
where  the  different  varieties  of  motive  power  were  most 
extensively  practised.  The  deputation  accordingly 
visited  the  most  improved  railways  in  that  district,  and 
returned  without  being  able  to  decide  upon  which  kind^ 
was  the  most  advantageous  to  their  interests. 

The  only  conclusion  which  they  came  to,  appears, 
according  to  Mr.  Booth*,  to  have  been,  that,  from  the 
great  amount  of  traffic  anticipated  upon  the  line,  horses 
were  inappUcable.  The  contest  then  being  between 
locomotive,  and  fixed  engines,  the  Directors,  in  order  to 
determine  which  of  the  two  were  the  most  suitable  for 
this  purpose,  resolved  to  employ  two  practical  engineers ; 
who  were  to  visit  the  Darlington  and  Newcastle  rail- 
ways, carefully  to  examine  the  working  of  the  two 
species  of  mechanical  power,  and  report  to  the  Board  of 

*  On  the  Liverpool  and  Manchester  railroad,  p,  69. 
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Directors,  which,  under  all  the  circumstances,  was  the 
best  description  of  moving  power  to  be  used.  For  this 
purpose  they  fixed  upon  Mr.  Walker,  of  Limehouse, 
and  Mr.  Rastrick,  of  Stourbridge ;  who  made  a  tour 
through  all  the  railways  in  the  North,  and  reported 
to  the  Directors  the  result  of  their  observations. 
Messrs.  Walker  and  Rastrick  have  subsequently  pub- 
lished their  reports,  which,  though  separate,  were  sub- 
stantially the  same ;  the  result  of  which  was,  that  at 
•the  period  of  their  enquiry,  (March  1829,)  the  following 
Table,  given  by  Mr.  Rastrick,  will  shew  the  power  of 
the  different  locomotive  engines  employed  on  the  rail- 
ways which  they  visited. 
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From  the  above  Table  it  will  be  seen,  that  tlie  as- 
signed performance  of  the  engines  proposed  for  the 
Liverpool  and  Manchester  railway,  was  nearly  the  same 
as  previously  deduced  in  the  first  edition  of  this  work ; 
and,  therefore,  we  find,  that  up  to  this  time  no  material 
improvement  had  taken  place. 

The  reporters  state,  that  their  estimate  of  the  powers 
of  the  engines,  was  formed  upon  those  in  actual  use ; 
that  great  improvements  were  making  in  them,  and 
Mr.  Walker  especially  states,  "  that  in  estimating  the 
question  generally,  it  is  fair  to  anticipate  others  ;  and  it 
is  true  that  improvements  in  the  stationary  system  may 
also  be  expected,  but  not  to  the  same  extent,  as  in  loco- 
motive engines.'* 

Notwithstanding  this  report  of  the  above  gentlemen, 
the  Directors  did  not  feel  themselves  able  to  come  to  a 
decision  on  the  subject;  a  leaning  in  favour  of  loco- 
motive engines  existed,  Mr.  Booth  says,  in  a  majority 
of  the  Directors,  provided  they  could  be  constructed  of 
adequate  power,  and  at  a  less  weight  than  the  engines 
hitherto  in  use,  which  were  generally  seven  or  eight 
tons  in  weight ;  and  if  they  could  be  made  to  conform 
with  the  stipulations  of  the  Railway  Act,  by  not  throw- 
ing off  any  smoke.  Mr.  Harrison,  one  of  the  Directors, 
had,  as  stated  by  Mr.  Booth,  been  for  some  time  of 
opinion,  that  the  excitement  of  a  reward,  publicly 
offered,  would  be  the  most  likely  mode  of  effecting 
their  object ;  and  in  this  opinion  his  brother  Directors 
ultimately  coincided.  Accordingly,  on  the  20th  of 
April,  1829»  they  resolved  on  offering  a  premium  of 
jf500,  for  the  best  locomotive  engine,  subject  to  certain 
stipulations  and  conditions. 

Considering  the  very  important  conclusions,  which 
have  resulted  from  the  competition,  induced  by  the  offer 
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above  noticed,  the  very  rapid  improvement  which  it 
produced  in  these  engines,  forming  not  only  a  new  era 
in  their  history,  but  in  the  importance  of  railway  com- 
munication in  general ;  we  shall  make  no  apology,  in 
giving  a  brief  outline  of  the  proceedings,  and  of  the 
various  improvements  effected  by  this  competition  of 
talent. 

The  conditions,  on  which  the  Directors  offered  the 
premium  of  if  500,  were  as  follow : — 

Railway  Office,  Liverpool,  25th  April  1829. 
Stipulations  and  Conditions,  on   which  the  Directors  of  the 
Liverpool  and  Manchester  Railway,  offer  a  Premium  of  £500 
for  the  most  improved  Locomotive  Engine. 

1st,  The  said  engine  must  ^'  effectually  consume  its  own  smoke/* 
according  to  the  provisions  of  the  railway  act,  7  Geo.  IV. 

2d,  The  engine,  if  it  weighs  six  tons,  must  be  capable  of  drawing 
after  it,  day  by  day,  on  a  well-constructed  railway,  on  a  level  plane, 
a  train  of  carriages  of  the  gross  weight  of  twenty  tons,  including 
the  tender  and  water-tank,  at  the  rate  of  ten  miles  per  hour^  with 
a  pressure  of  steam  on  the  boiler,  not  exceeding  fifty  pounds  per 
square  inch. 

3d,  There  must  be  two  safety  valves,  one  of  which  must  be  com- 
pletely out  of  the  controul  of  the  engine-man,  and  neither  of  which 
must  be  fastened  down  while  the  engine  is  working. 

4th,  The  engine  and  boiler  must  be  supported  on  springs,  and 
rest  on  six  wheels,  and  the  height,  from  the  ground  to  the  top  of  the 
chimney,  must  not  exceed  fifteen  feet. 

5th,  The  weight  of  the  machine,  wM,  its  complement  of  toater  in 
the  boiler,  must,  at  most,  not  exceed  six  tons ;  and  a  machine  of  less 
weight  will  be  preferred,  if  it  draw  after  it  a  proportionate  weight; 
and,  if  the  weight  of  the  engine,  &c.  do  not  exceed  ^ve  tons^  then 
the  gross  weight  to  be  drawn  need  not  exceed  fifteen  tons,  and  in 
that  proportion  for  machines  of  still  smaller  weight ;  provided  that 
the  engine,  &c.  shall  still  be  on  six  wheels,  unless  the  weight  (as 
above)  be  reduced  to  four  tons  and  a  half,  or  under,  in  which  case, 
the  boiler,  &c.  may  be  placed  on  four  wheels.  And  the  company 
shall  be  at  liberty  to  put  the  boiler,  fire-tube,  cylinders,  &c.  to  a 
test  of  a  pressure  of  water,  not  exceeding  150  pounds  per  square 
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inch,  without  being  answerable  for  any  damage  the  machine  may 
receive  in  consequence. 

6th,  There  must  be  a  mercurial  gauge  affixed  to  the  machine, 
with  index-rod,  shewing  the  steam  pressure  above  forty- five  pounds 
per  square  inch. 

7th,  The  engine  to  be  delivered  complete  for  trial  at  the  Liverpool 
end  of  the  railway,  not  later  than  the  1st  of  October  next. 

8th,  The  price  of  the  engine,  which  may  be  accepted,  not  to 
exceed  JS550  delivered  on  the  railway ;  and  any  engine  not  approved 
to  be  taken  back  by  the  owner. 

N.B. — The  railway  company  will  provide  the  engine  tender^  with  a 
supply  of  water  and  fuel,  for  the  experiment.  The  distance  within 
the  rails  is  four  feet  eight  inches  and  a  half. 

Subsequently,  the  6th  October,  was  fixed  upon  for 
the  day  of  trial ;  and,  to  assist  the  Directors  in  coining 
to  a  correct  decision  on  the  merits  of  the  different 
engines,  Mr.  Rastrick,  of  Stourbridge,  Mr.  Kennedy, 
of  Manchester,  and  myself,  were  appointed  judges 
on  the  occasion. 

On  the  day  appointed,  the  following  engines  were 
entered  for  the  prize : — 

Mr.  Robert  Stephenson,       -        "l  J  f  The  Rocket. 
Messrs.  Braithwaite  and  Erickson,  (a  J  The  Novelty. 
Mr.  Timothy  Hackworth,     -        "  (  S  1  '^^  Sans  Pareil. 
Mr.  Burstall,      -        •        -        -J  I  I  The  Perseverance. 

Mr.  Brandreth  (Horse  Machine,  the  Cycloped). 

And  the  following  regulations  were  issued  from  the 
railway  office : — 

<<  The  engines  to  be  ready  at  ten  o'clock  on  Tuesday  morning. 
The  running-ground  will  be  on  the  Manchester  side  of  the  Rainhill 
Bridge. 

*^  The  load  attached  to  each  engine,  will  be  three  times  the  weight 
of  the  engine. 

^  No  person,  except  the  Directors  and  Engineers,  will  be  permitted 
to  enter  or  cross  the  railroad. 
«  Liverpool,  5th  Oct.  1829." 
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The  part  of  the  railway,  on  which  the  trials  were 
fixed  to  be  made,  was  at  a  place  called  Rainhill ; 
being  a  level  piece  of  road  on  the  top  of  the  Whis- 
ton  and  Sutton  inclined  planes,  about  two  miles  in 
length. 

The  original  stipulations  of  the  Directors  containing 
no  regulations  as  to  the  mode  of  trying  the  powers  of 
the  different  engines,  the  judges  determined^  that  in 
order  to  ascertain  the  comparative  merits  of  each^ 
they  should  be  subjected  to  the  following  practical 
test.  And^  in  consequence,  a  card,  containing  the 
following  regulations,  was  distributed  to  the  different 
competitors. 

Liverpool  and  Manchester  Railway. 

The  following  is  the  ordeal,  we  have  decided  each  Locomotive 
Engine  shall  undergo,  in  contesting  for  the  Premium  of  ^500 
at  Uainhill  :— 

The  weight  of  the  locomotive  engine,  with  its  full  complement  of 
water  in  the  boiler,  shall  be  ascertained  at  the  weighing  machine, 
by  eight  o'clock  in  the  morning,  and  the  load  assigned  to  it  shall  be 
three  times  the  weight  thereof.  The  water  in  the  boiler  shall  be 
cold,  and  there  shall  be  no  fuel  in  the  fire-place.  As  much  Aid  shall 
be  weighed,  and  as  much  water  shall  be  measured  and  delivered  into 
the  tender- carriage^  as  the  owner  of  the  engine  may  consider  suffi- 
cient for  the  supply  of  the  engine,  for  a  journey  of  thirty-two  miles 
and  one  half.  The  fire  in  the  boiler  shall  then  be  lighted,  and 
the  quantity  of  fuel  consumed  for  getting  up  the  steam  shall  be 
determined,  and  the  time  noted. 

The  tender-carriage,  with  the  fuel  and  water,  shall  be  considered 
to  be,  and  taken  as  part  of  the  load  assigned  to  the  engine. 

Those  engines  that  carry  their  own  fuel  and  water,  riiall  be  allowed 
a  proportionate  deduction  from  their  load,  according  to  the  weight 
of  the  engine. 

The  engine,  and  the  carriages  attached  to  it,  shall  be  run  by 
hand  up  to  the  starting-post,  and  as  soon  as  the  steam  is  got  up 
to  fifty  pounds  per  square  inch,  the  engine  shall  be  set  upon  its 
journey. 
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The  distance  the  engine  sliall  perform  each  trip,  shall  foe  one 
mile  and  three  quarters  each  way,  including  one-eighth  of  a  mile  at 
each  end,  for  getting  up  the  speed,  and  for  stopping  the  train ;  by  this 
meansy  the  engine,  with  its  load,  will  travel  one  and  a  half  mile  each 
way,  at  full  speed. 

The  engine  shall  make  ten  trips,  which  shall  foe  equal  to  a  journey, 
of  thirty-five  miles,  which  shall  foe  performed,  at  full  speed,  and  the 
average  rate  of  travelling  shall  not  foe  less  than  ten  miles  per 
hour. 

As  soon  as  the  engine  has  performed  this  task,  (which  will  foe  equal 
to  the  travelling  from  Liverpool  to  Manchester,)  there  shall  foe  a  fresh 
supply  of  fuel  and  water  delivered  to  her ;  and  as  soon  as  she  can  foe 
got  ready  to  set  out  again,  she  shall  go  up  to  the  starting  post, 
and  make  ten  trips  more,  which  will  foe  equal  to  the  journey  from 
Manchester,  and  hack  again  to  Liverpool. 

The  time  of  performing  each  tnp  shall  foe  accurately  noted,  as 
wen  as  the  time  occupied  in  getting  ready  to  set  out  for  the  second 
journey. 

Should  the  engine  not  foe  enafoled  to  take  along  with  it  sufficient 
fuel  and  water  for  the  journey  of  ten  trips,  the  time  occupied  in 
taking  in  a  fresh  supply  of  fuel  and  water  shall  foe  considered,  and 
taken  as  part  of  the  time  in  performing  the  journey. 

J.  U.  Rastrick,  C.  £.,  Stourforidge,     ^ 
Nicholas  Wood,  C.  £.,  Killingworth,  >  Judges. 
John  Kennedy,  Manchester,  J 

Liverpool,  6th  Oct  1829. 

The  ground  was  then  marked  out  according  to  the 
diagram  below. 

No.  1*  Lerel.  Na  2. 

Werti 3— E-_^E,gt 

•4-  mile.  1^  mile.  -^  mile. 

And  the  mode  of  conducting  the  experiment  agree- 
ably to  the  conditions,  was  as  follows  :*— One  of  the 
judges  was  stationed  at  the  post,  No,  1,  and  the  other 
at  the  post,  No,  2.  The  engine,  when  ready,  started 
off  from  the  Extremity  of  the  stage,  and  when  it  arrived 
at  the  station.  No.  1,  the  time  was  taken ;  it  then  pro- 
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ceeded  on  until  it  arrived  at  the  station,  No.  2,  when 
the  time  was  again  taken.  The  velocity  was  then 
checked,  and  when  it  arrived  at  the  end  of  the  stage, 
was  stopped,  and  set  in  motion  in  the  opposite  direc- 
tion ;  and  when  it  again  passed  the  station,  No.  2,  the 
time  was  marked,  and  the  engine  proceeded  at  full 
speed,  until  it  arrived  at  the  station.  No.  1,  when  the 
time  was  again  recorded.  By  this  method,  the  time 
occupied  in  traversing  the  1^  mile  stage  at  full 
speed,  and  also  the  time  occupied  at  each  end,  was 
ascertained. 

The  first  two  or  three  days  were  occupied  in  pre- 
paring the  engines  for  the  contest,  and  in  shewing  their 
powers  to  the  numerous  company  assembled  on  the 
occasion  ;  after  which,  it  was  determined,  to  avoid  con- 
fusion, that  each  engine  should  be  tried  separately,  and 
on  different  days. 

Art.  8. — Experiments  with   the   Rocket  Engine, 

Mr.  Stephenson*s. 

The  "  Rocket,"  being  first  ready,  was  put  upon  trial, 
and  having  got  a  proper  supply  of  water,  was  weighed, 
and  found  to  be  four  tons  five  cwt. ;  the  load  affixed 
agreeably  to  the  resolutions  of  the  Directors,  was  there- 
fore three  times  that  weight,  or  twelve  tons  fifteen  cwt, 
viz. : — 

Tons  cwts.  qrs.     ]bs. 
Engine      •----4500 
Tender,  with  water  and  coke       -         3      4      0      2 
Two  carriages,  loaded  with  stones         9     10      S     26 


Whole  mass  in  motion      -       17      0      0      0 
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The  engine  was  then  taken  to  the  extremity  of  the 
stage,  the  fire-box  filled  with  coke,  and  the  fire  lighted ; 
the  water  in  the  boiler  being  quite  cold,  the  time 
occupied  in  raising  the  steam  until  it  lifted  the  safety 
valve,  loaded  to  a  pressure  of  fifty  pounds  per  square 
inch,  was  fifty-seven  minutes.  Immediately  the  steam 
was  at  the  above  pressure,  which  was  at  10^  36'  5",  the 
en^ne  started  from  the  west  extremity  of  the  stage,  and 
arrived  at  the  same  place,  after  performing  ten  trips,  or 
thirty-five  miles,  precisely  at  1**  48'  38''.  The  following 
Table  will  shew  the  time  occupied  in  performing 
the  respective  trips,  and  also  the  time  lost  at  each  end 
of  the  stage. 
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Experiment  I. 


Obterrationa. 


Naof 
Tript. 


Started  10  36  fiO 


Stopped  to  oU. 


Stopped  to  take 
in  six  bucketi 
of  water,  equal 
to  19  impoial 
gallon*. 


Stoppedat  1  48  38 
Fkt>m   the 

time   of 

starting 

tiU  noon  1  33  loj 


Total  time  3  11  48 


8 


10 


Time  In 

gettansiq> 

and 

■topping 
theaieedof 
theThiin 


R.  M.    8. 

O     1  25 


(O     S  42 


O     2  28 


(O     2  55 


(o     2  27 


10  38 
10  54 

10  58 

11  18 
11  21 
11  39 
11  42 
11  58 

O     O 


(o     2     5 


(O     4     5 


(O     2  24 


(O     3  25 


(o     2  15 


O     1   23 


0  28  34 


Time  taken 

when  the 

Engine 

pawed  the 

Poat  Na  1. 


O  15 
O  17 
O  35 
0  39 
O  55 

0  57 

1  13 
1  17 
1  33 
1  35 
1  47 


8. 

15 
55 
37 
42 
10 
50 
45 
15 
42 
45 
50 
20 
25 
30 
54 
45 
10 
35 
50 
15 


Time  in 
oomincup 
from  Poft 

NaSto 
No.  1. 


H,    M.    8. 


H.  M.  8. 

10  7  43 


O     6  43 


0  7     8 


O     8  22 


0  7  52 


0     8     3 


0  6     7 


0     7     3 


0     6     5 


O     8  42 


O     7  35 


O     6  57 


0     7     5 


O     5  12 


1    11  47 


Time  n 
coing 
down 
flrom 
FMt 

No.  Ito 
No.  2. 


0  6  31 


0  5  55 


0  5  55 


0  5  40 


O  5  18 


0  4   12 


1  2  21 


30mile«£ftifii2  14     8 


Time  taken 

when  the 

Engine 

paMfdthe 

^oat  No.  2 


Time  in 

and  getting 

vqpthe 

tputA  of 

theTnin. 


ObMrratioiM. 


H.    M.      8. 

10  45  58 

10  48  12 

11  5  45 
11  10  20 
11  29  2 
11  31  47 
11  48  52 
11  51  12 

O  7  13 
O  9  40 
O  23  45 
O  26  38 
O  45  20 

0  47  55 

1  3  34 
1  6  48 
1  22  28 
1  26  30 
]  40  2 
1  42  3 


0  2  m) 


O  4  35) 


0  2  45) 


0  2  20) 


0  2  27) 


Time  in' 
ttarting* 
■topping. 
anoBoing 

muM  •. 


H.    M«   8. 


0    2  53) 


0    2  35) 


0    3   14 


) 


042) 


021) 


0  29     6 
0  28  34 


0  57  40 


OffcaMdtlie 


Took  in  16 
Imperial  Oal- 
looi  of  Water. 
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One  half  of  the  assigned  performance  having  been 
completed,  and  the  supply  of  water  exhausted,  the 
engine  was  then  run  down  to  the  watering  station,  and 
took  in  a  fresh  supply  of  water,  which,  having  done,  it 
then  ran  back  to  the  west  end  of  the  stage,  took  in 
some  coke,  and  again  started  upon  its  journey.  The 
time  occupied  in  doing  all  this  was  14'  34",  and  the 
precise  time  of  starting,  upon  the  second  journey,  was 
2**  3'  12".  After  performing  the  assigned  number  of 
trips,  as  shewn  in  the  following  Table,  the  engine  arrived 
at  the  west  end  of  the  stage,  at  5^  Of  21^^,  the  steam 
being  found  to  be  at  the  same  elasticity  as  at  starting, 
and  the  same  quantity  of  water  in  the  boiler. 
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Experiment  II. 


No.of 
Tripi. 


Started  8  3  13 


Took  in  1  cwt 


0 

CO] 


Dfte. 


21ta.  of 


StO|>DCd« 


Ha  9s»  S« 

at5    0  21 


time  oc- 
cupied 
in     this 
experi- 
ment   -. 


>a  57    9 


Time  in 
gettinsup 

and 

•topping 

the  speed  of 

th«train< 


Time  taken 

when  the 

Engine 

passed  the 

Post  No.  1. 


H.  M.  8. 

0     1   38 


(O     2  25 


(O     2  SO 


(° 


2  47 


H.   M.    8. 

2     4  50 


Time  in 
coming 
up  flrora 

Post 

Na2to 

Post 

No.1. 


Time  in 

going  down 

from  Post 

No.l  to 
Post  No.  2. 


H.  IC  8. 


0  7  32l 


H.  X.    8. 

O     6  15 


2  20  45 
2  23  10 
2  38  500  7  201 


2  41   20 

2  55  480  6  121 


(O     2  41 


(O     2  48 


(° 


2     2 


8 


0  6  47 


O     5  57 


Time  taken 

wlien  the 

Eng^e 

Mssedthe 

^ostNaS. 


H.    X.   8 

2  11     5 


Time  in 
stopping 
and  getting 
up  the 
qieedof 
the  train. 


R.  x«  a; 


0     5  17 


2  58  35 

3  16  8 
3  18  49 
3  33  38 
3  36  26 
3  52  70  7  18 


0  7  6 


O  6  33 


(O  2  18 


(O  2  13 


10 


(O  1  57 
0  0  45 


O  7  46 


0  6  5 


O  5  51 


0  8  19 


0  24  4 


3  54  9 

4  10  33 
4  12  51 
4  30  11 
4  32  24 
4  46  27 
4  48  24 
4  59  360  5  18 


0     6     9 


0  6  32 


0     5  23 


0     5  25 


O     3  44 


1  9  37 


0  57  12 


Time  in  go 
30  miles 
speed 


a?fa8|2  6  49 


2  13  13 
2  29  7 
2  31  30 
2  46  37 

2  49  36 

3  5  41 
3  9  21 
3  24  54 
3  27  6 
3  42  17 

3  44  49 

4  O  18 
4  2  47 
4  18  14 
4  21  52 
4  37  49 
4  39  55 
4  52  8 
4  54  18 


0     2     8) 


0     2  23) 


0     2  59) 


0     3  40) 


0     2  11) 


0     2  32) 


0     2  29) 


0     3  38) 


Oraadng 


Took  in  16 
imperial  gal« 
lonaof^ 


0     2 


e) 


0     2  10) 


Time  in' 
starting, 
stopping,  y 
and  Roing 
|5  miles  -. 


O  26  16 
O  24     4 


0  50  20 
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On  examining  the  foregoing  experiments,  we  find  the 
following  result : — 

h.  m*      s. 

Atfull«eed430'»"«»'''2  1*    8l      ^^o/^^-^')     Miles 

Ends  of  stage  (!"'!;«' I"  Of  *0|equalto(   f^  I     Miles 
^15  miles  in  0  50  20  '    ^  16      /per  hour. 

Maximum  velocUy  in  r  1st  journey.  19f  |  ^.^^^        ^^^ 

performing  one  tnp  i  2d  journey,  20   J 

Minimum  velocity  iur  1st  journey,  "TVlMaes  per  hour, 
performing  one  trip  \  2d  journey,  13     J 

The  greatest  velocity  attained,  being  in  the  last  east- 
ward trip,  which  was  performed  in  3'  44",  being  at  the 
rate  of  29i  miles  per  hour. 

The  quantity  of  fuel  put  into  the  fire-box  for  getting 
up  the  steam,  was        ......       222  lbs. 

Deduct  remaining,  when  the  steam  was  at  50  lbs.  per 
square  inch         --.----go 


Consumption  of  fuel  in  getting  up  Uie  steam       142  lbs. 


The  quantity  of  coke  consumed  by  the  engine,  in  performing  the 
two  experiments,  was  1085  lbs.,  which,  for  70  miles,  is 
Including  the  engine  and  tender        -    0 '  91  lbs.  i 
Exclusive  of  ditto        -  -  -     1  63  lbs.  /  '^         '  *^ 

The  quantity  of  water  used,  was  579  gallons,  or  92*6  cubic  feet ; 
•oonsequently  die  consumption  of  fuel  was  11  iZ^  lbs.  of  coke,  for  each 
cubic  foot  of  water  evaporated  ;  the  evaporating  power  of  the  engine 
being  about  18*24  cubic  feet  of  water  per  hour. 

On  examining  these  experiments,  it  will  be  seen,  that 
the  eastward  trips  were  invariably  performed  in  less 
time,  than  those  of  the  opposite  direction.  In  going 
east,  the  engine  dragged  the  carriages  afler  it,  while  in 
travelling  west,  the  carriages  were  pushed  before  the 
engine ;,  as  the  road  was  said  to  be  perfectly  level,  we 
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can  only  attribute  the  difference  of  effect,  to  the  dis- 
advantageous action  of  pushing  the  carriages,  instead 
of  dragging  them ;  and  as  in  the  practical  application  of 
this  mode  of  conveyance,  these  engines  will  always  drag 
the  carriages  after  them,  if  the  plane  be  perfectly 
horizontal,  we  ought,  perhaps,  to  take  the  performance 
of  the  eastward  trip,  as  the  work  done,  which  will  be  as 
follows : 

h.      nia      8. 

1st  journey,  1      2    21,  or  14}  i  miles  per  hour,  or  average 
2d  journey,  0    57     12,  or  15}  J        15  miles  per  hour. 

It  would,  however,  be  assigning  a  perfonnance 
greater  than  the  experiment  would  warrant,  to  take  the 
above  as  th&  performance  o£  the  engine ;  for  although 
the  above  was  the  efiect  at  full  speed,  and  though, 
undoubtedly,  a  great  loss  of  effect  was  also  occasioned 
by  the  stops  at  each  end  of  the  stage }  yet  it  should 
not  be  lost  sight  of,  that  during  the  time  the  engine 
was  stopped  at  each  end  of  the  stage,  there  was  no 
waste  of  steam,  and  the  evaporation  in  the  boiler  was 
going  on  all  the  time,  not  with  that  rapidity  which 
would  take  place  had  the  engine  been  working,  but 
still  such  as  the  exhausting  power  of  tlie  chimney 
could  efifect.  Perhaps,  therefore,  under  all  the  circum- 
stances, the  real  performance  of  the  engine,  comparted 
with  what  it  would  have  been,  had  the  distance  beea 
travelled  right  forward ;  should  be  the  seventy  miles 
travelled  in  the  observed  time  occupied  between  the 
inner  stations,  and  half  the  time  at  each  end.  This 
would  make  the  performance  seventeen  tons,  inditing 
the  engine,  or  nine  tons  and  a  half,  exclusive  of  the 
engine,  conveyed  seventy  miles  in  about  five  hours,  or 
at '  the  rate  of  fourteen  miles  per  hour.  And  ibis 
would  give  the  evaporation  of  water,  114  gallons  per 
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hour,    and   the   consumption   of   coke,    217  lbs.    per 
hour. 

Art.  9- — Experiments  with  HackwortKs  engine^  the 

Sans  PareiL 

The  next  engine  brought  forward  for  trial,  was  the 
"  Sans  Pared/' 

It  was  the  original  intention  of  the  judges,  to  have 
ascertained  the  time,  and  quantity  of  fuel  necessary  to 
raise  the  water  in  the  boiler,  to  the  temperature  equi- 
valent to  the  elasticity  of  fifty  pounds  per  square  inch  ; 
but  when  this  engine  came  to  the  starting  post,  it  was 
found,  that  Mr.  Hackworth  had  been  running  it  back 
and  forward,  to  ascertain  if  some  leaks  in  the  boiler 
(which  had  delayed  its  trial  for  some  days),  had  been 
effectually  stopped,  and  the  water  being  consequently 
warm,  no  measure  could  be  taken  either  of  the  fuel,  or 
the  time  required  to  raise  the  steam  to  the  necessary 
elasticity.  The  engine  was,  therefore,  put  on  its  trial, 
and  this  part  of  the  enquiry  omitted. 

When  the  requisite  quantity  of  water  was  put  into 
the  boiler,  and  the  engine  placed  upon  the  weighing 
machine,  it  was  found  to  weigh  four  tons,  15^  cwt. 
On  perusing  the  conditions  issued  by  the  Directors,  it 
will  be  seen,  that  if  any  engine  should  be  more  than 
four  tons  and  a  half  weight,  it  was  to  be  placed  upon 
six  wheels  j  the  weight  of  the  "  Sans  Pareil,'*  there- 
fore, excluded  it  from  competing  for  the  prize  j  but 
on  further  consideration,  the  judges  determined  to  put 
the  engine  through  the  same  trial,  as  if  it  conformed 
with  the  proposed  conditions,  to  ascertain  if  the  per- 
formance was  such,  as  would  enable  them  to  recom- 
mend this  point  to  the  favourable  consideration  of  the 
Directors, 
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The  weight  of  the  engine,  and  the  load  assigned 
agreeably  to  the  conditions,  were  as  follow,  viz. 

Tons  cwt.     qra.     lbs. 

Engine 4     15      2      0 

Tender,  with  water  and  fuel   -        -      S      6      S      0 
Three  carriages,  loaded  with  stones      10     19      S      0 


Total  mass  in  motion        -     19      2      0      0 


Having  had  a  sufficient  quantity  of  fuel  supplied,  and 
the  steam  raised  to  the  regulated  elasticity,  the  engine 
was  brought  up  to  the  starting  post,  and  proceeded  on 
its  task  in  a  similar  way  to  the  Rocket. 

The  following  Table  will  shew  its  performance. 
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Experiment  III. 


Obtervatioiif. 


Startedat  10 10  21 


Onaofthe  wig- 

gOMgOt  lOOM. 


R-M.8- 

StoppadatOSras 
Tlmetm 
noon    -14989 


TV»CaltiiBe,S171l 


No.  of 
Trip*. 


Time  In 
getting  uqp 

and 
■topp 


>ppu« 
tpeeac 


8 


the 

thefrainat 
west  end. 


H.  M.  s. 
0     1     9 


(° 


2  12 


(O     2  11 


(o     2  35 


(O     2  35 


(O     2 


40 


(O     2  54 


(O     8  31 


O   19  47 


Time  taken 

when  the 

Engine 

pasted  post 

No.l. 


^Im     Sis     S* 

10  11  so 


10  26  220  7  37 


10  28  34 


10  43  460  7     8 


Time  in 

coming 

op  fron\ 

post 

No.  2. 

to  post 

No.  1. 


Time  in 

going 

down 

from  post 

Na  1. 

to  post 
No.  a. 


Ha    M*  S« 


Time  taken 

when  the 

engine 

passed  post 


Time  In 
stopping 

and 

getting  up 

the  speed  of 

the  train  at 

east  end. 


H«   M*  S* 


H.   M. 

X)  5     9110  16 


0  6     3 


10  45  57 


11     1  370  7  21 


11     4  12 


11   18  120  6  84 


11  20  47 

11  35  17 

U  37  57 

O  55  21 

O  58  15 


0  6     8 


0  5  34 


0  5  39 


0  6  56 


0  15  120  8     1 


0  18  43 


0  7  12 


0  6     1 


0  6  22 


0  5  31 


Time  In  going 


0  50  490  46  27 

+ 


i9  miles  and  a  I  «  qt  i  <; 
half  at  ftiUf*  ^^  *® 
speed       .     .•' 


10  18 
10  34 
10  36 
10  52 

10  54 

11  9 
11  11 
11  26 
U  28 
11  43 
11  48 

O  4 
0  7 
O  24 
0  27 


s. 
39 

45 

37 

38 

5 
16 
46 
38 
26 
21 
58 

9 
37 
11 
14 
32 


H.  M.  8 

K)  2  6 


0  2  1 


0  1  52 


0  1  55 


0  2  11 


0  4  II 


0  2  34 


0  3  18 


0  20  8 
O  19  47 


nmein  ^ 
•rtlng,  :l 
spping,  f 


0  39  55 


Observations. 


Oiling  car- 
riages, and 
repairing 
fbrdng 
pump. 

Took  In  S 
Imperial  gal- 
lons of  water. 

Took  In  S 
gallons  of 
water,  and 
examined 
Ibrdng 
pump. 
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In  traversing  the  eighth  trip  to  the  west,  the  pump 
that  supplies  the  boiler  with  water  got  wrong,  which^ 
checking  the  supply,  the  water ,  in  the  boiler  got  below 
the  top  of  the  tube,  and  melted  the  leaden  plug,  inserted 
for  the  purpose  of  preventing  accidents  in  such  a  case^ 
and  put  an  end  to  the  experiment. 

So  far  as  this  experiment  was  conducted^  the  follow- 
ing performance  was  effected : — 

h.  m.    8. 

^      1 12    miles  in  0  40  27  ^   ^  1  15tV  J  Per  hour. 

Endsofstagel   y°^!I^!°^  i^  unequal  to  (   ^-1     ^lles 
^^12    miles  in  0  20    s/^  I   6     J  per  hour. 

Maximum  velocity  (in  one  trip)  16|  miles  per  hour. 

Minimum    ditto    -    ditto  12^        ditto. 

The  greatest  velocity  attained,  being  in  the  5th  trip,  going  east, 

the  1^  miles  being  traversed  in  S'59^9  which  is  at  the  rate  of  22§-  miles 

per  hour. 

The  whole  distance  traversed  by  the  engine  was  27|  miles,  and  the 

consumption  of  coke  was  1269  lbs., 

1.  ,  .     f  including  the  engine  and  tender,  2  '41  Iba.  "I  per  ton 

^    ^    ^    I  exclusive  of      -      ditto      -       4*2lbs.   J  per  mile. 

The  quantity  of  water  used,  was  274  imperial  gallons,  or  43*S4 

cubic  feet ;  and,  consequently,  the  consumption  of  coke  was  28*8  lbs. 

for  each  cubic  foot  of  water  evaporated ;  the  evaporating  power  being 

equal  to  24  cubic  feet  of  water  per  hour. 

Making  the  same  allowance,  as  in  the  case  of  the 
Rocket,  for  the  loss  of  effect  at  the  ends  of  the  stage, 
the  performance  would  be  nineteen  tons  and  a  half,  or 
eleven  tons,  exclusive  of  the  engine  and  tender,  con- 
veyed at  the  rate  of  about  fifteen  miles  per  hour  ;  and 
the  evaporation  of  water  nearly  150  gallons  per  hour, 
and  of  coke,  692  lbs.  per  hour,  or,  28*8  lbs.  for  each 
cubic  foot  of  wata:  evaporated. 

The  owners  of  the  "  Novelty,"  not  having  had  any 
opportunity  of  trying  that  engine  upon  a  railway,  pre- 


320  DIFFERENT    KINDS    OF   MOTIVE   POWER. 

vious  to  its  arrival  at  Liverpool,  it  was  found,  when 
placed  upon  the  road  there,  that  some  alteration  of  the 
wheels  was  necessary.  This,  together  with  the  lateness 
of  its  arrival,  and  the  occurrence  of  some  trifling  casual- 
ties in  starting,  produced  considerable  delay;  and  it 
was  not  until  the  10th  that  the  engine  could  be  put 
upon  its  trial. 

Art.  1 0. — Experiments  with  the  Novelty ^  Messrs. 
Braithwaite  and  Erickson*s  Engine. 

It  had  been  previously  determined  by  the  judges, 
that  it  should  be  tried  on  the  Monday,  in  order  to  give 
the  owners  more  time  to  perfect  the  different  alter- 
ations, but,  at  the  urgent  request  of  Mr.  Braithwaite, 
it  was  brought  out  on  the  Saturday. 

This  engine,  as  will  be  afterwards  shewn,  dilSers  from 
the  previous  ones,  in  the  water  and  fuel  being  carried 
on  the  same  wheels  as  the  engine,  and  not  on  a  separate 
carriage ;  and  as  the  weight  to  be  dragged  was  to  be 
three  times  the  weight  of  the  engine  only,  and  not  of 
engine  and  water  tank ;  it  was  determined  by  the  judges, 
that  the  load  assigned  to  this  engine,  in  order  to  place 
it  on  the  same  footing  as  the  others,  should  be  the  same 
proportion  of  useful  load,  compared  with  the  weight  of 
the  engine,  that  the  useful  load  taken  by  Stephenson's 
engine,  bore  to  its  weight ;  leaving  both  engines  to 
carry  the  fuel  in  their  own  way. 

The  weight  of  Stephenson's  engine  was  85  cwt.,  and 
the  load  taken,  (exclusive  of  tender  and  water,)  was 
191  cwt.  Messrs.  Braithwaite  and  Erickson's  engine, 
(exclusive  of  water  tank)  weighed  61  cwt  Therefore 
as  85 :  191 : :  61  :  137  cwt.,  the  load  assigned  to  the 
«  Novelty.*' 
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The  iveight  of  the  whole  train  in  this  experiment, 
t^as,  therefore,  as  follows  : 


Engine,  with  water  in  the  boiler   • 

Tank,  water,  and  fuel 

Two  carriages,  loaded  with  stones 

Gross  weight  in  motion 


Tons  cwts.  qn.  lbs. 

3       10  0 

0     16      0  14 

6     17      0  O 

10     14      0  14 


The  engine  was  then  brought  up  to  the  place  of 
starting,  and  the  fuel  having  been  previously  weighed^ 
the  fire  was  lighted,  and  the  time  in  getting  the  steam 
up  to  an  elasticity  of  50  lbs.  per  square  inch,  was  54t  40T. 
The  quantity  of  fuel  delivered  to  raise  the  steam  was 
66  lbs.,  but  as  we  had  no  means  of  ascertaining  what 
was  lefi  in  the  fire,  no  account  could  be  had  of  what 
was  actually  consumed. 

The  engine  then  started  to  traverse  the  stage  in  a 
similar  way  to  the  others,  and  die  following  Table  wiU 
shew  its  performance,  as  far  as  conducted : — 

Experiment  IV. 


H-M.t- 

Started  II  OH 


Naflfl 
trips. 


Time  In 
ttttincnp 

•toppiBf 

tlMipcedof 

CiMtndnat 

wwtend. 


H.  M.  B. 
0     1  20 


TimetiUun; 

when  the 

engine 

pMMd  the 

portNal. 


0     1  80 


H.  M.   8. 

11      1  48 


11   16  380     6  40 


Time  In 
coming  m 
from  poK 

No.  S.  to 
poetNa  I. 


H.    M.  S. 


0     6  40 


Timetai 

going  dawn 

from  pott 

No.  I.  to 

poitNo.!. 


Time  taken 
when  the 


paifed  the 
port  No.  2. 


0     5  36  11     7  24 


11     9  58 


. 


0     5  36 
0     6  40 


Time  in 
•topping 

and 

setting  np 

tneipcedol 

the  engine. 


H.   If.  8. 


0     2  34) 


0     2  94 


Total  dme    -  0  12  16    disUnce  3  inilM. 
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-  When  the  engine  arrived  at  the  post.  No.  1,  in  re- 
turning, it  was  found  that  the  pipe  conveying  the  water 
from  the  forcing  pump  to  the  boiler  had  been  burst 
open ;  occasioned,  Mr.  Erickson  said,  by  the  cock  which 
opens  or  shuts  the  communication  from  the  pump  with 
the  boiler,  having  been  accidentally  shut  while  the  pump 
was  working.  This  being  repaired,  it  was  too  late  to 
go  on  with  the  experiment  this  day,  but  the  engine, 
(according  to  a  statement  by  Mr.  Vignoles,  published  in 
the  Mechanicis*  Magazine,)  with  a  calculated  weight  of 
ten  tons  six  cwt.  and  one  quarter,  traversed  the  east- 
ward trip  of  one  mile  and  a  half  in  four  minutes  thirty- 
nine  seconds,  being  at  the  rate  of  seventeen  miles  and 
a  half  per  hour,  and  the  westward  trip  in  five  minutes 
fifty-four  seconds,  being  at  the  rate  of  fifteen  miles  an 
hour.  The  loaded  carriages  being  detached,  the  engine 
made  a  trip  with  passengers,  going  at  the  rate  of  be- 
tween twenty  and  thirty  miles  an  hour.  Two  or  three 
days  being  allowed  to  get  the  engine  into  complete 
working  order,  (as  many  as  Messrs.  Braithwaite  and 
Erickson  requested,)  it  was  again,  on  the  14th,  put  upon 
its  trial. 

On  the  arrival  of  the  judges  at  Rainhill  at  the  ap- 
pointed time,  they  found  that  several  parts  of  the 
engine  having  been  taken  to  pieces,  were  not  put  to- 
gether,  and  a  considerable  time  elapsed  before  this  was 
done ;  to  prevent  unnecessary  delay,  therefore,  no 
account  was  taken  of  the  quantity  of  fiiel  necessaiy  to 
raise  the  steam  to  the  proper  degree  of  elasticity.  The 
engine  being  ready,  made  a  trip  to  see  if  every  thing 
was  right,  and  then  came  up  to  the  starting-post  It 
was  then  set  off  upon  its  task  in  the  same  Mray  as 
the  others,  and  the  following  Table  will  shew  its 
performance. 
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Experiment  V. 


ObwrvatioiM. 


H-  M-  S 

Started  I  85  40 


Boiler 
MntUeiv 
out  and 
•topped 
the  engine 
above  the 
bridge  at  S    I  tt 


No.o^ 
tript. 


Time  of 

getting  up 

and 

■topping 
theipeedof 
the  train  at 

west  end. 


O     1   23 


(O     I   19 


Time  taken 

when  the 

engine 

paued  the 

poitNo.l. 


Thnein 
coming  up 
from  po«t 

No.  8.  to 
poet  No.  1. 


He     BCe     8* 

1   27     3 


n*  IB*  D» 


1  46  250     5  35 


1  48  44 


Time  in 

going  down 

from  post 

No.  l.to 
poitNe.a. 


Tfane  taken 
when  the 

engine 
pawed  the 
pott  No.  8. 


0  118 


O  6  14 


O  5  35  •!•  0  17  22 
0  5  35 


H.  M.  S. 

1  38  11 

1  40  50 


0  2  39) 


1  54  58 
I  56  5 


Tfane  In 
■topping 

and 

letting  up 

tbeqieedol 

the  engine 


R.  M.  8. 


0 


1    7) 


Total  time    -  0  22  57  distance  4^  milei* 


stopped 
roMdo 


on 
^down 
to  peat 
No.  a. 


In  returning  westward,  the  second  trip,  some  of  the 
joints  of  the  steam  generator  gave  way,  and  put  an 
end  to  the  expedment ;  after  which,  Mr.  Erickson  de- 
clared to  the  judges  his  wish  to>  withdraw  from  a  further 
competition  for  the  prize. 

No  conclusion  whatever  could  be  formed  from  these 
experiments,  of  the  power  of  this  engine ;  none  of  the 
experiments  were  continued  sufficiently  long  to  shew 
the  quantity  of  steam  which  could  be  raised  in  a  given 
time,  or  the  fuel  required  to  generate  it. 

The  **  Perseverance,"  of  Mr.  Burstall,  having  met 
with  an  accident  in  its  conveyance  to  Liverpool,  and 
having  been  found,  on  trial,  not  to  be  adapts  for  the 
purposes  of  tlie  company,  this  gentleman,  in  a 
very  handsome  manner,  withdrew  from  competing  for 
the  prize. 

The  prize  was  then  awarded  to  the  '*  Rocket,''  of 
Mr.  Stephenson,  as  having  performed  all  the  conditions 
and  stipulations  required  of  the  competitors. 

Y  2 
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We  shall,  in  the  first  place,  give  a  brief  sketch  of  the 
construction  of  the  different  engines,  and  then  offer  a 
few  remarks  on  the  important  improvements,  to  which 
these  experiments  have  led. 

Art.  11. — Description  of  the  "  Rocket^*  Engine. 

The  "  Rocket "  engine,  of  Mr.  R.  Stephenson , 
shewn  in  the  engraving,  No.  7j  opposite,  differs  from 
the  locomotive  engines  previously  described  in  this 
work,  in  the  mode  of  raising  steam.  The  boiler,  a,  is 
cylindrical,  with  flat  ends,  six  feet  long,  and  three  feet 
four  inches  diameter.  To  one  end  of  the  boiler  is 
attached  a  square  box,  or  furnace,  b,  three  feet  long,  by 
two  feet  broad,  and  about  three  feet  deep  ;  at  the  bot- 
tom of  this  box,  the  fire-bars,  f,  are  placed,  and  it  is 
entirely  surrounded  by  a  casing,  except  at  the  bottom, 
and  on  the  side  next  the  boiler,  leaving  a  space  of  about 
three  inches  between  this  casing  and  the  furnace,  which 
space  is  kept  constantly  filled  with  water ;  a  pipe,  c, 
on  the  under  side,  cpmmunicating  with  the  boiler,  sup- 
plies it  with  water ;  and  another  pipe,  d,  at  the  top, 
'allows  the  steam  to  pass  off  into  the  boiler.  The 
upper  half  of  the  boiler  is  used  as  a  reservoir  for  steam, 
the  lower  half  being  kept  filled  with  water.  Through  the 
latter  part  of  the  boiler,  copper  tubes  reach  from  one  end 
of  the  boiler  to  the  other,  shewn  in  No.  8,  being  open 
to  the  fire-box,  at  one  end,  and  to  the  chimney  at  th6 
other.  In  the  boiler  of  the  "Rocket,**  there  were 
twenty-five  tubes,  three  inches  in  diameter.  The  cylin- 
ders were  placed,  one  on  each  side  of  the  boiler,  bi^ 
shewn  in  the  drawing,  and  worked  one  pair  of  wheels 
only  ;  were  eight  inches  diameter,  witli  a  stroke  of  six- 
teen inches  and  a  half;  diameter  of  large  wheels,  four 
feet  eight  inches  and  a  half.     A  slight  inspectioa  of  the 
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drawing  will  shew  that  the  prindple  of  generating 
steam  by  this  engine,  is  the  exhmuling  power  of  the 
chimney.,  which  is  aided  by  the  impulse  of  the  steam 


from  the  cylinders,  being  thrown  into  the  chimney  by 
two  pipes,  E,  one  from  each  of  the  cylinders.  The 
area  of  .surface  of  water,  exposed  to  the  radiant  heat 
of  the  fire,  'was  twenty  square  feet,  b^g  that  surround- 
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ing  the  fire-box  or  furnace  ;  and  the  surface  exposed  to 
the  heated  air  or  flame  from  the  furnace,  or  what  we 
ihall  call  communuiative  heat,  117*8  square  feet}  the 
area  of  the  grate-bars  being  six  square  feet.  The  end 
view.  No.  8,  will  shew  the  disposition  of  the  tubes 
in  the  end  of  the  boilert  with  the  fire-box  surrounding 
the  end. 

Art  12. — Degcription  of  the  "Sam  Pareil"  Engine. 

The  "  Sans  Pareil,"  of  Mr.  Hackworth,  is  of  the 
same  principle  as  the  "  Rocket ;"  the  combustion  of 
the  fuel  being  effected  by  the  exhausting  power  of  the 
chimne^p  and  th«  Section  <:£  the  steam  from  the  cylin- 
ders into  the  chimney. 
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The  accompanying  sketch,  'No.  9,  will  shew  the 
form  of  boiler,  which  is  cylindrical,  four  feet  two  inches 
in  diameter,  with  one  flat,  and  one  hemispherical  end, 
and  six  feet  long.  The  cylinders  were  placed  one  on 
each  side  of  the  boiler,  and  immediately  above  one  of 
the  pairs  of  wheels ;  the  other  two  wheels  being  con- 
nected  with  them  by  side  rods.  Cylinders,  seven  inches ; 
length  of  stroke,  eighteen  inches ;  diameter  of  wheels, 
four  feet  and  a  half. 

The  steam  is  generated  by  means  of  a  double  tube,' 
as  shewn  in  the  sketch.  No.  10,  passing  nearly  from  one 

No.  10. 


end  of  the  boiler  to  the  other,  and  then  returning ;  the 
fire-grate  and  chimney  being  thus  both  at  the  same  end 
of  the  boiler,  a.  No.  10,  shews  the  grate-bars,  h  6,  the 
tube,  and  c,  the  chimney.  The  tube  prefects,  from  the 
end  of  the  boiler,  about  three  feet  \  and  at  the  fire  end 
a  semi-circular  casing  surrounds  the  top  of  the  tube,  to 
the  extent  of  the  whole  three  feet,  but  at  the  chimney 
end  the  casing  extends  only  two  feet  This  was  fat 
the  double  purpose  of  obtaining  an  area  of  heating 
surface,  and  to  allow  suflScient  air  to  pass  through  the 
flre-grite,  which  tubes  placed  entirely  within  the  boiler 
do  not  possess.  At  the  fire  end  the  tube  was  two  feet  in 
diameter,  tapering  away  to  fifteen  inches,  the  diameter 
at  the  chimney ;   the  length  of  grate-bars  being  five. 

Y  4 
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fe^  Xbe  area  of  suriace  of  water  exposed  id  the 
dicfct  action  of  the  iire  or  radiant  heat,  was,  therefore, 
l^r7  square  feet ;  and  to  the  communicative  power  oC 
the :  heated  air  and  6ame,  74>'6  square  feet,  the  area  of 
the  fire-grate  heing  ten  square  feet. 


Art  IS. — Description  of  the  "  Novelty"  Engine. 

Messrs.  Braithwaite  and  Erickson's  engine,  the 
"  Novelty,"  is  of  a  different  principle,  the  air  being  driven 
qx forced  through  the  fire  by  means  of  a  bellows.  The 
accompanying  drawings  will  shew  the  general  construc- 
tion of  this  engine,  and  more  particularly  the  generator, 
or  mode  of  raising  the  steam,  which  constitutes  its 
prominent  peculiarity.     In  the  sketch.  No.  11,  a  is  the 


geiiefator,  the  lower  part  of  which  is  filled  with  water»- 
and  the  upper  part  is  a  chamber  for  the  steam ;  coo- 
pected  with  this  is  the  horizontal  generator,  b,  which 
being  placed  below  the  top  of  the  water  in  the  upright, 
geaerator,  a,  .i$  cpij^tantly  filled  .with  water.   A  tub^  c,; 
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passes  through  the  upright  generator  from  top  to  bot- 
tom ;  near  the  bottom  it  is,  as  shewn  in  No.  12,  in- 
creased in  diameter,  for  the  purpose  of  receiving  the 
fire-grate,  f  ;  the  fliel  being  supplied  from  the  top,  it  is 
kept  air-tight  by  sliding  shutters.  The  bottom  of  this 
tube,  containing  the  fire-grate,  is  closed,  and  the  supply 
of  air  is  effected  by  the  bellows,  D,  worked  by  the 
engine,  and  communicated  through  the  pipe,  e.  The 
air,  after  passing  through  the  lire,  is  made  to  traverse 
through  a  winding  tube,  (shewn  in  the  separate  draw- 
ing* No.  IS,)  within  the  horizontal  generator,  and  to 


pass  into  the  atmosphere  through  the  pipe,  g.  k  is  the 
cylinder,  working  one  of  the  pair  of  wheels,  by  means: 
of  a  bell  crank,  tJie  others  being  connected,  when  ne-; 
cessary*  by  a  cliain  similar  to  the  old  engines. 

No.  13,  will  sliew  the  mode  of  generating  the  steam! 
more  particularly,  a  is  the  upright  generator ;  c,  the. 
inner  tube  >  f,  the  fire-grate ;  b,  the  horizontal  gene- 
rator i  H,  a  pipe  through  which  the  steam  from  b  passes: 
into  the  steam  chamber*  a.  From  c,  the  inner  tube  or 
pipe,  eeCf  passes  nearly  to  the  end  of  b  ;  returns,  and. 
tJien  passes  out  at  the  opposite  end.  through  which  thet 
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heated  air  is  forced.  £,  is  the  pipe  from  the  bellows, 
conveying  the  air  underneath  the  grate  bars,  to  pro- 
duce the  necessary  combustion  of  the  fuel.  The  action 
will  be  readily  understood,  the  air  is  forced  through 
the  fire  with  a  velocity  which  causes  a  rapid  combustion 
of  the  fuel,  and  the  heated  air  and  flame  is  forced  along 
the  winding  tube,  eee^  into  the  atmosphere,  tlirough 
the  pipe,  g.  The  area  of  grate-bars,  in  this  engine,  is 
only  about  1*8  square  feet.  The  radiant  surface,  about 
9*^  square  feet ;  and  the  area  exposed  to  the  heated  air, 
by  means  of  the  tube  traversing  the  generator,  b,  about 
thirty-three  square  feet. 

Mr.  Burstairs  engine,  not  being  adapted  for  the  pre- 
sent celerity  of  railroad  conveyance, — nor  being  of  that 
form  which  combined  lightness  with  economy  of  fuel, 
— it  will  not,  perhaps,  be  necessary  to  attempt  a  more 
particular  description  of  it ;  the  boiler,  consisted  of  an 
upright  generator,  the  heated  air  and  flame  escaping 
up  the  chimney  immediately  from  the  fire-place,  with- 
out any  flues  to  abstract  the  redundant  heat.  But  we 
must  add,  that  though  its  general  construction  ren- 
dered it .  inapplicable  for  the  use  of  the  company, 
yet  several  of  the  individual  parts  displayed  great 
ingenuity. 

The  estimate  of  Messrs.  Walker  and  Rastrick,  of  the 
powers  of  the  engines  in  use  previous  to  those  trials, 
deduced  from  the  performances  of  the  engines  oa  the 
several  railways  they  visited,  was,  that  an  engine,  weigh- 
ing, with  its  tender,  ten  tons  and  a  half,  would  be 
capable  of  taking  nineteen  tons  and  a  half  weightf  or  a 
gross  load,  including  the  engine,  of  thirty  tons,  at  the 
rate  of  ten  miles  an  hour,  on  a  level  railway ;  ot*,  ac- 
cording to  their  mode  of  reckoning,  a  gross  load  of 
twenty  tons,  at  fifteen  miles  an  hour,  being  only  an 
load^  escdusive  of  engine,  of  nine  tons  and  a 
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hal^  with  an  engine,  weighing!  with  tender,  ten  toni 
and  a  half. 

The  result  of  these  experiments  was,  that  an  engine, 
weighing,  with  its  tender,  only  seven  tons  nine  cwt, 
took  a  load  of  nine  tons  and  a  half  at  the  same  rate  of 
speed ;  this  was  very  important,  as  the  weight  of  the 
old  engines  was  such  as  to  place  a  limit  to  their  appli- 
cation ;  they  were  already  of  a  weight  considered  to  be 
the  maximum,  without  injuring  the  rails,  and  could  not, 
it  was  supposed,  be  increased,  and  consequently  could 
not  be  made  more  powerful ;  a  high  rate  of  speed  was 
out  of  the  question,  as,  even  at  fifteen  miles  an  hour, 
the  gross  load  was  only  nine  tons  and  half;  and, 
therefore,  no  useful  result  could  be  accomplished  by 
such  engines,  at  a  rate  of  speed  above  ten  miles  an 
hour. 

To  have  accomplished,  at  once,  a  reduction  of  three 
tons  weight  in  the  en^ne,  or  nearly  fifty  per  cent,  and 
thereby  admitting  the  use  of  those  engines  upon  roads, 
where  their  great  weight  previously  was  an  insuperable 
objection,  was  of  itself  of  very  great  importance,  to  the 
employment  of  this  species  of  traction ;  but  this  was  not 
the  whole  amount  of  the  benefits  derived  from  this  com- 
petition of  talent ;  the  consumption  of  ftiel  was  likewise 
diitiitoished  forty  per  cent.  The  great  improvement, 
howefver,  was  the  increased  evaporating  powers  of  the 
engine,  by  the  employment  of  numerous  tubes  c£  small 
dimensions;  thus  the  Rocket  engine,  weighing  only 
four  tons  and  a  quarter,  had  an  extent  of  evaporating 
surface,  three  times  and  a  half  greater  than  the  old 
engines,  weighing  seven  tons  and  upwards ;  and,  as  it 
has  been  previously  stated,  the  power  of  those  en- 
gines depending  solely  upon  their  evaporating  powers, 
it  will  at  once  be  seen,  what  a  field  was  opened  out  for 
the  extension  of  the  use  of  those  engines.    These  tubes 
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were  used  at  the  suggestion  of  Mr.  Booth » treasurer  to' 
the  Liverpool  and  Manchester  Railway  Company ;  and. 
i^othing  since  the  introduction  of  those  engines,  has 
given  such  an  impulse  to  their  improvement. 
'  The  competing  engines  being  limited  to  weight,  the 
effect  was  not  an  increased  load  at  a  greater  rate  of 
speed,  or  a  greater  amount  of  performance  by  those 
engines,  beyond  the  old  engines ;  the  effect  being,  as 
ifie  quantity  of  water  evaporated  per  hour,  the  Rocket 
only  evaporated  18'24  gallons  per  hour,  the  old  engines 
15*92  gallons ;  therefore,  the  practical  effect,  as  engines, 
yras  nearly  the  same.  But,  as  an  engine  weighing  only 
four  tons  and  a  quarter,  performed  the  same  work  of 
an  engine  weighing  seven  tons,  it  was  easy  to  see,  that 
if  the  former  was  increased  in  weight,  its  power  would 
be  much  more  than  correspondingly  increased,  as  the 
w^ht  might  be  added  to  the  boiler,  and  those  parts  of 
the  engine  by  which  the  power  is  generated;  the 
wheels,  and  several  other  parts  not  being  required  to 
be  increased  in  weight  in  the  same  proportion. 
:  Accordingly,  we  find  that,  immediately  after  these 
experiments,  the  engines  were  made  of  a  greater  weight,, 
^d  consequently  greater  power ;  this  was  not  done  at, 
first,  perhaps,  to  the  extent  which  subsequent  e!xpe- 
rience  has  proved  to  be  advii^able,  but  the  effect  of  these 
experiments  was,  that  the  railway  company  were  en- 
abled to  commence  operations,  at  a  rate  of  speed  very 
much  beyond  what  could  have  been  contemplated  by 
the  most  sanguine  friends  to  this  kind  of  motive  powen 
The  quick  trains  commenced  with  a  rate  of  speed  equal  to- 
twenty  miles  an  hour,  and  this  has  since  been  increased  ; 
this  was  also  done  with  a  practically  useful  load,  as,  by. 
constructing  larger  engines,  the  evaporating  power  was 
increased  very  considerably  beyond  that  of  the  old  en- 
gines; and,  consequently,  they  were  capable  of  conveying 
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nearly  the  same  load  as  the  old  engines,   at  un  im> 
creased  rate  of  speed. 

Art.  14. — Description  oftiie  improved  Killingworth 

Engines. 

An  improved  plan  of  the  boiler  of  the  commoil 
engine/ has  been  adopted,  at  the  Killingworth  Colliery^ 
by  the  writer,  by  which,  the  evaporating  power  is  very 
much  increased ;  and  which,  for  private  railways,  where 
the  load  to  be  conveyed  at  a  time,  does  not  require  tO 
be  greater  than  sixty  or  eighty  tons  gross,  at  a  rate  of 
eight  to  nine  miles  an  hour,  will  be  found  very  econoi^ 
mical*  Fig.  14,  Plate  VI.  is  a  representation  of  th^ 
plan  of  this  boiler;  a,  is  the  boiler,  which  is  cylindrical^ 
with  flat  ends,  ten  feet  long,  and  three  feet  and  a  half, 
or  four  feet,  in  diameter ;  a  short  tube,  abyC  d,  two  feet 
in  diameter,  and  of  a  length  sufficient  for  the  grate-barsi 
is  placed  within  ttie  boiler,  within  about  an  inch  of  the 
lower  side  of  the  boiler,  and  similar  to  the  single  tube  of 
the  common  engine  boilers }  the  grate-bars  are  laid 
about  two  thirds  from  the  top  off*  the  tube,  leaving  suffi* 
cient  space  for  the  fire  above  the  bars ;  but  as  there  is 
pot  sufficient  space  below  the  grate-bars  for  the  requisite 
quantity  of  air  to  support  the  combustion  of  the  fuel,  a 
hol^  is.  cut  through  the  bottom  of  this  tube,  and  also 
through  the  boiler,  by  which  an  increased  quantity  of 
air  is  got  imdemeath  the  grate-bars  j  a  ring  of  iron, 
an  inch  thick,  is  placed  around  this  opening,  and  the 
rivets  passing  through  both  the  boiler  plates,  this  ring, 
and  the  plates  of  the  tube,  keeps  the  boiler  water-tight, 
and  also  allows  a  space  of  one  inch  of  water  to  surround 
the  inner  tube  below  the  grate-bars.  This  tube  being 
surrounded  with  water  on  all  sides,  the  entire  radiation 
of  the  fire  has  effect.     At  the  end,  a  c,  a  flat  plate  of 
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copper,  riveted  to  the  tube,  closing  the  end,  and  it  is 
made  water-tight ;  the  outer  end,  6  rf,  of  the  tube,  pass- 
ing through  the  end  of  the  boiler,  and  being  also  made 
water-tight  all  roimd  its  periphery.  Tubes  similar  to 
those  described,  as  being  introduced  into  the  Rocket 
engine,  and  now  used  in  all  the  improved  engines,  are 
inserted  into  the  copper  plate  at  the  end,  a  c,  of  the 
tube,  as  shewn  in  the  drawing ;  and  pass  through  the 
end  of  the  boiler,  and  are  clinched  to  the  copper  plate, 
and  end  of  the  boiler,  by  a  mode  which  will  hereafter 
be  more  particularly  described,  when  treating  of  the 
improved  engines.  At  the  end  of  the  boiler,  where 
the  tubes  pass  through,  a  chamber  is  fixed,  similar  to 
that  described  in  the  Rocket  engine,  on  the  top  of 
which  the  chimney  is  placed. 

In  this  plan,  therefore,  no  fire-box  is  required,  the 
constniction  is  much  more  simple,  and  for  private  rail- 
ways where  rapid  rates  of  travelling  is  not  required,  this 
plan  will  produce  steam  very  rapidly,  and  will  be  found 
quite  sufficient  for  the  load  above  stated.  It  is  neces- 
sary, however,  that  the  plate  at  the  end,  a  c,  of  the  fire- 
tube  through  which  the  small  tubes  pass  should  be  of 
copper,  experience  having  shewn,  that  neither  iron  or 
brass  will  answer  the  purpose.  From  experiments  made, 
and  from  the  daily  practice  of  these  engines,  we  place 
the  evaporating  power  of  a  boiler,  such  as  Fig.  1 4,  as 
equal  to  280  gallons  per  hour. 

Art.  15. — Description   of  the   modern   Engines  for 

public  Railways. 

Having  thus  given  a  detailed  history  of  the  great 
improvements  made  in  the  locomotive  engine,  induced 
by  the  memorable  contest  at  Liverpool ;  and,  in  eluci* 
dating  the  principles  of  the  different  engines  tberei 
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exhibited,  given  such  drawings,  and  explanations,  as 
will  convey  to  the  reader  a  perfect  knowledge  of  the 
progress  of  improvement,  from  the  old  engines  to  those 
at  present  in  use ;  we  shall  now  proceed  to  describe^ 
in  detail,  the  construction  of  some  of  the  most  improved 
engines  for  public  railways. 

Boiler,  and  metliod  of  generating  Steam. 

Fig.  1,  Plate  XL  is  an  elevation,  and  Fig.  2  an  end 
view,  of  the  interior  of  the  boiler,  and  other  working  parts 
connected  therewith ;  a  a',6  b\  is  the  boiler,  which  is  cylin- 
drical, and,  generally,  three  feet  in  diameter,  eight  feet 
long,  o"  i".  Fig.  2,  showing  one  end  ;  a  hemispherical 
chamber,  ac,  d  d\  is  attached  to  the  end,  a  &,  of  the 
boiler,  by  the  comer  plates  at  a  and  i,  which  chamber, 
as  shewn  in  the  figures,  is  a  little  larger  in  diameter 
than  the  boiler  ;  within  this  chamber,  the  square  box, 
ee\ff\  is  placed,  a  littie  rounded  on  the  upper  side  at 
ee\  and  bent  outwards  2A,ffy  so  that  it  can  be  riveted 
to  the  chamber  at  dd^y  and  made  steam-tight.  Though, 
in  the  drawings,  the  outlines  of  the  chamber  and  fire- 
box are  only  shewn,  they  are  both  entirely  close  on  all 
sides  and  top,  and  are  only  open  at  bottom,  with  the 
exception  of  the  chamber,  which  is  open  within  the 
area  of  the  end  of  the  boiler ;  gg  are  the  grate-bars^ 
and  A,  the  fire-door  of  the  fire-box.  As  these  boilers 
are  subjected  to  a  considerable  pressure  of  steam,  the 
fiat  sides  of  the  chamber,  and  fire-box,  and  also  the 
top  of  the  latter,  are  not  calculated  to  sust^n  the  pres- 
sure; bolts  are  tlierefore  placed  around  the  sides 
between  the  chamber  and  fire-box,  as  shewn  in  the 
drawings,  to  resist  the  pressure;  and  cross  bars  of 
wrought  iron,  iiiiiif  Fig.  2,  and  t.  Fig.  1^  are  placed 
upon  the  top  of  the  fire-box,  and  fiistened  down  to  itt 
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by  bolts  screwed  on  the  under  side,  and  keyed  on  the 
upper  side,  as  shewn  in  the  drawings.  The  fire-box  is, 
therefore,  entirely  surrrounded  by  the  water  of  the 
boiler,  except  on  the  under  side,  where  the  grate-bars 
are  laid,  and  at  the  opening  for  the  fire-door.  The 
other  end,  a'  h\  of  the  boiler  is  closed  by  a  circular  flat 
plate ;  the  lower  half  of  this  plate,  or  end  of  the  boiler, 
is  perforated  with  holes,  to  receive  one  end  of  the 
3inall  tubes ;  and  similar  holes  are  perforated  in  the  side 
of  the  fire-box,  as  shewn  in  Fig.  2.  U  ky  Fig.  1,  is  a 
longitudinal  view  of  the  tubes,  and  A:,  Fig.  2,  an  end 
view.  At  the  other,  or  chimney  end  of  the  boiler,  a 
chamber,  /  a',  /'  Z'^,  similar  in  shape  to  that  of  the  other 
end  previously  described,  is  affixed,  on  the  top  of 
which  the  chimney,  w,  is  placed  j  it  will,  therefore,  be 
seen,  that  the  tubes  open  at  one  end  into  the  fire-box, 
and,  at  the  other  end,  into  the  chimney.  The  chamber 
on  which  the  chimney  is  placed,  is,  of  course,  close  on 
every  side,  except  that  part  within  the  area  of  the 
chimney ;  but  there  is  a  door  at  n,  for  the  purpose  of 
giving  access  to  the  interior  of  the  chamber,  and,  more 
particularly,  for  cleaning  out  the  inside  of  the  tubes.  It 
will,  of  course,  depend  upon  the  diameter  of  the  boiler, 
and  tubes,  what  number  can  be  inserted ;  but,  as  they 
are  placed  near  each  other,  the  number  is,  generally, 
very  considerable.  Fig.  5,  shews,  on  a  large  scale,  the 
mode  of  inserting  them  into  the  plates  of  the  boiler,  and 
fire-box ;  a  b  represents  the  plate  of  the  boiler,  and  e  e 
the  hole,  which  is  bevelled  outwards ;  c  c  is  the  tube ; 
when  the  tube  is  inserted,  and  hammered  out,  or  en- 
larged at  the  extremity  to  fit  the  bevel  of  the  hole,  a 
h<^P>  Xfi  ^^^  bevelled  on  the  exterior  surface^  but 
parallel  on  the  interior  side,  is  driven  within  the  tube, 
and  hammered,  or  clinched  against  the  interior  of  the 
tube. 
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•  As  fhe  elasticity  of  the  steam^  has  a  constant  tendency 
to  press  the  plate  outwards,  a  glance  at  the  figure  will 
sheW)  that  the  greater  the  pressure,  the  more  ti^tly 
will  the  tube  press  against  the  steel  ring,  and,  conse* 
quently,  keep  it  fast ;  to  prevent,  however,  too  great  a 
strain  upon  the  tubes,  it  is  customary  to  insert  two  or 
three  stays  within  the  boiler,  reaching  from  the  chimney 
end  of  the  boiler,  to  the  exterior  end  of  the  fire-box 
chamber,  as  shewn  at  o  o.  Fig.  1.  />,  Fig.  1,  is  the 
man-hole  door,  or  aperture,  for  the  purpose  of  admitting 
a  man  into  the  interior  of  the  boiler,  when  any  repairs 
are  necessary ;  it  is  made  steam-tight  by  an  iron  plate^ 
bolted  to  an  upright  pipe,  with  flanches ;  q  q\  are  two 
other  openings  into  the  boiler,  for  the  safety  valves ; 
9  is  for  a  mitre  valve,  with  a  handle,  as  shewn  in  Fig.  1» 
Flate  XIL ;  the  end  of  this  handle,  as  seen  at  1,  in 
-^g*  ^3  Plate  XIL^  is  fixed  to  a  spiral  spring,  with  a 
vernier,  2,  working  up  and  down,  as  the  steam  is  in* 
creased  or  diminished  in  elasticity;  and  shewing,  by 
proper  graduated  marks  upon  the  fixed  plate,  S,  the 
degree  of  elasticity  of  the  steam  pressing  against  the 
valve ;  qf  is  another  valve,  which  is  covered  up,  as  shewn 
in  Plate  XIL,  so  that  the  engine-man  cannot  have 
access  to  it,  to  overload  it;  this  safety  valve  is  not 
loaded  quite  so  heavy,  or  to  so  great  pressure  as  ^ ; 
so  that  when  the  steam  in  the  boiler  becomes  of  too 
high  a.d^ee  of  elasticity,  it  first  escapes  by  this  valve» 
and  gives  notice  to  the  engine-men  to  check  the  in<> 
tensity  of  the  fire ;  which  is  done  by  a  flap,  or  fan,  placed 
within  the  chimney,  and  tirnied  by  the  rod,  w  w.  Fig.  1, 
PUOe  XIL 

Fig.  4,  Plate  XL  exhibits  the  mode  of  ascertaining 
the  height  of  the  water  in  the  boiler,  (2,  is  a  glasH 
tube,  open  at  each  end,  and  fixed  in  the  two  brass 
xBases,  h  A,  a^id  attached  to  the  end  of  the  boiler,  a  b^ 
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by  means  of  a  pipe,  which  gives  a  communication  be- 
tween the  boiler  and  the  glass  tube ;  efy  are  two  cocks, 
for  opening  or  shutting  off  the  communication  between 
the  boiler  and  the  interior  of  the  tube ;  c,  shews  the 
height  of  the  water  in  the  boiler.  When  the  two 
cocks,  ef^  are  open,  there  being  then  a  free  communi- 
cation from  the  water  in  the  boiler,  through  the  tube, 
to  the  steam  in  the  upper  part  of  the  boiler,  the  water 
will  therefore  stand  at  the  same  level  within  the  tube 
at  (/,  as  it  does  at  c,  within  the  boiler ;  g*  A  is  a  pipe  for 
carrying  off  the  water  within  the  glass  tube,  when  ne- 
cessary, and  which  is  done  by  opening  the  cock,  g^  and 
shutting  e  and^  The  boiler  is  supplied  with  water  by 
two  force  pumps,  worked  by  the  engine,  and  shewn  in 
Wig*  1,  Plate  XIL  It  is  necessary  to  these  boilers, 
where  only  a  very  small  space  can  be  allotted  for  water, 
that  the  supply  be  kept  up  with  certainty,  and  hence  a 
duplicate  pump  is  always  used. 

The  cylinders  are  placed  within  the  chamber,  la^  fl% 
Mg.  1,  at  the  chimney  end  of  the  boiler,  a,  representing 
one  of  them  j  the  plan  of  admitting  the  steam  into  the 
cylinder  is  by  slides,  which  will  be  more  particularly  de- 
scribed hereafter ;  r  bemg  the  steam  chamber,  mto  which 
the  steam  is  thrown,  from  the  boUer,  previous  to  its  admis- 
sion into  the  cylinders,  by  the  slides.  In  these  engines, 
where  the  boilers  are  required  to  be  of  the  least  possible 
dimensions,  and  where  the  emission  of  steam,  to  the 
cylinders,  is  so  extremely  rapid,  considerable  diflSculty 
was  at  first  experienced  in  preventing  the  water  fix>m 
mixing  with  the  steam,  and  being  thus  carried  into 
the  cylinders,  or,  what  is  called  by  the  engine-menit 
*^  priming ;"  the  agitation  of  the  water  by  the  mo- 
tion of  th^  engine,  and  the  rapid  evolution  of  steam, 
increasing  the  dijQSculty ;  this  is  now  obviated,  by  placing 
a  chamber,  b,  on  the  top  of  the  boiler ;  the  steain- 
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pipe,  Ci  being  cftnied  nearly  to  the  top  of  the  cHambefy 
to  receive  the  steam,  and  being  funnel-shaped,  or  spread 
out  at  the  top,  and  nearly  filKng  the  chamber,  the  water 
is  thus  separated  from  the  steam,  and  Mis  back  into 
the  boiler,  and  the  steam  alone  passes  into  the  steam- 
chamber  and  cylinderti. 

The  regulator,  for  increasing  or  diminishing  the  sup- 
ply of  steam  to  the  boiler,  is  placed  between  the  pipe 
proceeding  from  this  chamber,  and  the  two  pipes  lead- 
ing to  each  cylinder.  Fig.  8,  shews  the  regulator  on  a 
large  scale ;  c,  is  the  steam-pipe,  leading  firom  the  cham- 
ber, B,  aiid  s  «,  are  the  two  steam-pipes,  leading  to  each 
cylinder;  over  the  mouth  of  each  of  the  pipies,  ss^b. 
diisk,  or  slid6,  1 1,  moves  back  and  forwards,  alternately 
closing  or  opening  the  moiith  of  the  pipes,  as  they  are 
moved  round.  These  two  disks  are  fixed  upon  the 
horizontal  rod,  S  ^,  Fig.  1,  by  which  they  are  turned 
round ;  this  rod  reaches  the  whole  length  of  the  boiler, 
and,  passing  through  the  opposite  end,  is  tum^  by  a 
handle,  4,  as  shewn  in  F^^  1.  It  will  be  seen,  that 
the  regulator,  a.  Fig.  8,  is  a  chamber,  with  the  pipe,  c, 
leading  into  it  from  the  boiler,  and  the  two  pipes,  S89 
leading  from  it  to  the  cylinders ;  and  that,  as  the  disk 
is  moved  round,  the  communication  is  either  opened  or 
shut,  to  the  cylinders.  These  disks  are,  of  course 
kept  tight  against  the  fkce  of  the  mouth  of  the  pipes, 
by  the  pressure  of  the  steam,  but  spiral  springs  are 
likewise  placed  between  the  arms  of  the  spindle,  or 
rod,  2  H^f  and  the  brass  fiice  of  the  disk,  as  shewn  in 
Fig.  8,  to  keep  a  constant  pressure  against  the  £ice  of 
the  pipes.  To  resist  the  contraction  and  expansion  of 
th^  rod,  3  2',  as  Well  as  to  make  it  steam-tight,  in 
passing  through  the  boiler  at  the  handle,  4 ;  a  tube,  3  3^, 
bored  out  on  the  inside,  passes  through  the  end  of  the 
boiler,  and  is  bolted  to  it  at  the  end,  3%  by  a  flanch  y 
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the  end,  3,  of  this  tube,  is  conical,  into  which  the  rdd 
is  made  to  fit,  as  shewn  in  the  figure,  being  pressed 
steam-tight  against  it  by  a  spiral  screw,  fixed  within  the 
tube.  The  rod  has  a  sliding  joint  at  2',  to  compensate 
fi>r  the  contraction,  and  expansion,  and  at  the  same 
time  allow  the  disk,  at  the  end,  2,  to  be  pressed  tight 
against  the  face  of  the  steam-pipes,  and  the  part,  3, 
steam-tight,  at  the  other  end. 

As  previoudy  stated,  in  describing  the  progressive 
improvement  of  these  engines,  the  chimney  is  not  of 
sufficient  height  or  power  to  create  draught  of  air 
through  the  fire,  to  produce  steam  sufficiently  quick  to 
supply  the  cylinders,  when  travelling  at  n^id  veloci- 
ties; the  steam,  therefore,  afler  passing  through  the 
cylinders,  is  thrown  into  the  chimney,  to  create  a 
sufficient  draught,  t.  Fig.  1,  shews  the  pipe  through 
which  the  steam  is  thrown  into  the  chimney;  an 
^nd  view  of  which  is  shewn  at  Fig.  1 1,  w,  being  the 
pipes  leading  from  each  cylinder,  into  the  single  ver* 
tical  pipe,  <,  called  the  "  blast  pipe." 
,  For  the  purpose  of  giving  warning  to  the  passengers, 
that  the  engine  is  about  to  start,  or  to  persons  standing 
or  straying  about  upon  the  line  of  nulway ;  a  contriv- 
ance has  been  adopted  in  the  shape  of  a  steam- whistle, 
irhich  produces  a  very  smart  and  shrill  souncjl,  and 
which  can  be  heard  at  a  very  considerable  distance. 
JT,  Fig.  1,  Plates  XL  and  XIL  shews  this  contrivance 
fixed  to  the  boiler,  within  reach  of  the  engine-man. 
Fig.  11,  Plate  VI.  shews  the  construction  of  tliis,  on  a 
large  scale,  which  consists  of  a  pipe,  fastened  to  the  top 
of  the  boiler,  by  the  flanch  or  plate,  a  a  ;  a  cock,  6,  is 
placed  in  this  pipe,  which  being  opened  or  shut,  allows 
QT  prevents  the  steam  from  issuing  through  this  pipe } 
when  open,  the  steam  passes  into  the  hollow  cup  or 
chamber  11,  through  the  apertures  of  a  plate,  shewn  in 
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the  plan,  2  2,  and  which  is  placed  upon  the  pipe,  at  its 
opening  into  the  bottom  of  the  chamber,  1 1  •  The  steam 
then  passes  around  the  plate  3  3,  between  its  edge  and 
the  ^ide  of  the  cup,  1  1,  and,  striking  with  great  force 
against  the  thin  edge  of  the  cup,  4  4,  produces  a  most 
powerful,  sharp,  and  shrill  whistle. 

i%.  12,  Plate  VI.  is  a  vacuum  valve,  for  the  purpose 
of  allowing  the  steam  to  escape  out  of  the  boiler,  when 
the  pressure  is  very  low,  and  when  the  boiler  is  required 
to  be  emptied  of  steam  ;  they  are  sometimes  attached 
to  the  cylinder,  and  sometimes  to  the  boiler,  by  the 
flanch,  a  a  ;  as  will  be  seen,  it  is  a  mitre  valve,  opening 
inwards,  and,  consequently,  so  long  as  the  steam  is 
above  the  pressure  of  the  atmosphere,  the  valve  is  shut, 
and  prevents  its  escape.  There  is,  however,  a  spring 
in  the  inside  of  the  valve,  which  is  acted  upon  by  the 
plate,  »,  fixed  upon  the  upright  spindle,  passing  through 
the  top  of  the  valve.  Upon  this  spindle,  there  is  a  spiral 
thread,  with  a  nut  on  the  outside  crf^the  valve,  at  c;  when, 
therefore,  this  screw  is  turned,  the  plate,  t,  presses 
against  the  spring,  and,  acting  on  the  valve,  forces  it 
down,  and  then  allows  the  steam  to  escape.  When  in 
use,  by  causing  the  spindle  to  act  upon  the  spring,  any 
degree  of  pressure  is  kept  upon  the  valve,  and,  there* 
fore,  when  the  steam  gets  below  that  pressure,  it  escapes, 
and  gives  notice  to  the  engine-man,  that  the  steam  is 
below  the  proper  degree  of  elasticity. 

Fig.  13,  Plate  VL  is  a  syphon  ;oil  cup,  for  the  pur- 
pose of  keeping  up  a  regular  and  constant  supply  of  oil 
to  the  various  working  parts  of  the  engine ;  it  is 
fastened  to  the  parts  where  required  by  the  screw,  a, 
the  oil  being  put  into  the  chamber,  J,  of  sufficient 
quantity  to  serve  a  journey,  or  day's  work,  of  the 
engine ;  it  is  made  to  feed  down  upon  the  bearing  by  a 
cotton  wick. 
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F^.  15,  Plaie  XL  is  a  valve,  or  ball-clack,  which  is 
u$ed  for  the  force  pumps  supplying  the  boiler  with 
water.  From  a  to  i,  is  a  pipe,  on  the  top  of  which,  at  ff, 
it  is  mitrecJl,  and  the  ball  rests  upon  this  mitre }  the 
upper  part  being  open  from  a  to  c. 

Mode  of  admitting  the  Steam  into  the  Cylinders^  and 

of  working  the  Engine. 

Having  thus  described  the  form  and  construction  of 
the  boiler,  and  the  manner  in  which  the  steam  is  gene- 
rated, we  h«ave  now  to  explain  the  mode  of  transmitting 
the  steam  into  the  cylinders,  and  the  plan  of  producing 
the  locomotion  of  the  engine.  The  cylinders,  as  pre- 
vioiisly  stated,  are  placed  horizontally,  as  shewn  in 
F^.  1,  Plate  XLf  and  in  the  same  plane  with  respect 
to  each  other  j  a,  Fig.  1,  representing  one  cylinder, 
and  D,  Fig.  3,  the  other.  These  cylinders  are  fixed  to 
the  frame-work  of  the  boiler,  and,  being  within  the 
chamber,  into  which  die  heated  air  from  the  tubes  is 
thrown,  in  its  passage  to  the  chimney,  they  are  always 
kept  at  a  high  degree  of  temperature.  5,  and  6,  are  the 
pistons,  55,  being  the  piston-rod,  and  5  9»  the  connect- 
ing rod,  of  one  cylinder ;  and  6  6,  the  piston-rod,  and 
6  10,  the  connecting  rod,  of  the  other ;  the  former  repre- 
sents the  connecting  rod  and  crank,  in  a  line  with  the 
cylinder,  and  the  latter  the  crank,  at  right  angles  with 
the  line  of  the  cylinder. 

The  parallelism  of  the  piston-rod  is  effected  generally 
by  the  use  of  slides,  as  being  most  convenient  for  this 
description  of  engine ;  8  8,  Figs.  1  and  3,  are  the 
stuffing  boxes  or  glands  of  the  cylinders;  and  Figs.  12^ 
13,  and  14,  shew  the  slide-bars,  constituting  the  parallel 
motion  for  the  piston-rods,  a,  i,  c,  d^  Fig.  13,  is  an 
end  view  of  the  two  plates,  fixed  parallel  with  the  line 
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of  the  centre  of  the  cylinder,  and  crank  axle.    Fig.  14 
is  a  plan  of  the  same  plates,  the  upper  ones,  c  d,  being 
removed  to  shew  the  slide ;  ^  e,  is  the  cross-bar  to  which 
the  piston-rody  6,  is  attached,  as  shewn  in  Fig.  12 ;  and 
to  which  the  end  of  the  connecting  rod,  10,  is  likewise 
attached,  as  shewn  in  Fig.  14 ;  this  cross-bar  is  inclosed 
within  the  brass  carriage,  1,  2,  S,  4,  Fig.  13,  resting  on 
I9  2,  as  shewn  in  Fig.  14 ;  and  3, 4,  forming  the  cover ; 
this  carriage  slides  within  the  parallel  plates,  a,  6,  c,  d, 
and  thus  the  parallelism  of  the  ends  5,   and  6,    of 
the  piston-rods,  is  effected,  while  the  stuffing-boxes,  8  8, 
and  pistons,  preserve  the  rectilinear  motion  of  the 
other  end.    One  end  of  the  connecting  rod,  there- 
fore^ keeps  up  an  alternating  rectilinear  motion,  and  the 
other,  by  means  of  the  crank,  a  continued  rotatory 
motion,  by  which  means  the  locomotion  of  the  engine 
is  effected.    We  have  said,  that  the  drawings   shew 
one  of  the  cranks  in  a  line  with  the  centre  of  the 
cylinder,  while  the  other  is  at  right  angles  with  it ;  this 
is  necessary  to  secure  a  continued  and  certain  rotatory 
motion  to  the  wheels,  and  to  accomplish  this,   it  is 
necessary  to  have  two  cranks  upon  the  driving  axle  of 
the  engine.     Figs.  9  and  10,  Plate  XL  are  two  views 
<rf*  the  axle,   upon   which  the  propelling  or  driving 
wheels  are  fixed,  which  move  the  engine.     This  axle  is 
cranked  in  two  places,  at  e,  and  f,  as  shewn  in  the  two 
drawings;  a  a  being  the  part  where  the  chair  rests 
upon,  and  h  i,  that  part  whereon  the  wheels  are  jfixed. 
The  axle  is  cranked  in  such  a  manner,  as  that  when  one 
crank  is  horizontal,  the  other  is  vertical,  and  vice  versft, 
being  at  right  angles  with  each  other ;  thus,  in  Fig.  % 
the  crank,  e,  is  horizontal,   and  f,  vertical;    and  in 
Fig.  10,  the  crank,  e,  is  vertical,  and  f,  horizontal* 
The  cause  of  this,  as  explained  previously,  being  to 
ensure  a  continuous  rotation  to  the  wheels,  by  either 
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brie  or  other  of  the  cranks  being  continually  subject  to 
the  action  of  the  cylinders  and  piston  rods. 

Having  thus  shewn  the  manner  in  which  the  pistonsr 
act,  in  producing  the  rotation  of  the  wheels,  we  now^ 
come  to  a  very  important  part  of  the  mechanism  of 
these  engines,  viz.,  the  mode  of  applying  or  transmit- 
ting the  steam  to  the  cylinders,  and  pistons ;  this  is 
effected  by  what  is  called  the  slide  valve.     Upon  that 
part  of  the  cylinder  inclosed  within  the  chamber,  r. 
Figs.  1  and  3,  PUUe  XL  a  face  is  made  quite  smooth, 
on  which  there  are  three  apertures,  a  a'  2?,  and  cd  Zj 
a  c,  commimicating  with  the  bottom  of  each  cylinder, 
a!  d^  with  the  top,  and  z  Zj  leading  to  the  discharging 
pipe,  2 ;  a  box,  e  ^^  slides  steam-tight  upon  the  face  of 
the  cylinder  over  these  holes,  leading  to  the  top  and 
bottom  of  the  cylinder,  and  to  the  discharging  pipe ; 
the  inside  of  this  box  is  hollow,  and  it  is  just  l^ge 
enough  to  embrace  two  of  the  holes,  the  middle  one,  z, 
and  one  of  the  others ;  the  remaining  one  being  open 
to  the  outside  oS.  this  box,  and  consequently  to  the 
inside  of  the  chamber,  r.     When  this  box  is  therefore 
moved  back  and  forward,  it  alternately  effects  a  com- 
munication between  the  steam  chamber,  r,  and  either 
one,  or  the  other  of  the  openings,  to  the  top  or  bottom 
of  the  cylinder,  and,  consequently,  with  the  discharging 
pipe,  U     Thus,  in  Fig.  3,  the   steam  chamber,  r,  is 
open  to  the  bottom,  c,  of  the  cylinder,  and  the  top,  c^ 
is  open  to  the  discharging  pipe,  or  recess,  z  ;  whereas, 
in  Fig.  1,    the  top    of   the    piston    is    open  to  the 
steam  chamber,   and  the  bottom  to  the  discharging 
pipe. 

The  slide,  or  box,  on  the  £ice  of  the  cylinders,  is 
moved  back  and  forward,  by  means  of  the  following 
contrivance,  four  sheeves,  or  rings,  are  fixed  upon  the 
axle  of  the  driving  wheels,  upon  false  centres,  and  called 


LOCOMOTIVE   STEAM   ENGINES*  345 

eccentrics,  as  g,  h,  i,  k,  Figs.  9  and  10.  In  one  revolu- 
tion of  the  axle,  the  extent  of  the  rectilinear  motion 
produced  by  each  of  these  eccentric  wheels,  is  repre- 
sented by  the  distance,  1  2,  S  4,  which  is  equal  to  the 
distance  that  the  slide,  e  e\  is  required  to  be  moved 
upon  the  face  of  the  cylinders.  A  strap,  or  ring,  is 
therefore  placed  around  the  periphery  of  each  of  these 
eccentric  wheels,  as  shewn  at  l.  Fig.  3,  and  likewise  in 
Fig.  6,  to  which  a  rod  is  attached,  communicating  with 
the  cross-head,  m  n,  fixed  at  r,  and  by  which  the  slide 
is  moved  back  and  forwards  by  the  rod,  p.  By  these  it 
will  be  seen,  that  in  every  revolution  of  the  axle,  and 
crank,  the  slide,  ^>  is  moved  back  and  forwards,  so  as 
to  transmit  the  steam  alternately  from  the  top  to  the 
bottom  of  the  piston,  and  the  reverse.  From  the  nature 
of  the  eccentric,  however,  the  slide,  e  e^,  is  continually 
in  motion,  and,  therefore,  no  sooner  are  the  apertures 
fully  open,  than  the  slide,  by  moving,  commences  to 
shut  them  again ;  and,  therefore,  to  prevent  any  in- 
jurious effect,  or  to  secure  the  free  admission  of  the 
steam  into  the  cylinders,  from  the  apertures  being  so 
diminished,  they  are  generally  made  sufficiently  large, 
so  as  to  check  the  force  of  the  steam,  when  they  are 
partially  open  or  closed. 

To  give  full  effect  to  the  steam,  the  passage  commu- 
nicating the  steam  to  the  piston  should,  perhaps,  remain 
fully  open,  until  the  piston  arrives  at  the  extremity  of 
the  cylinder,  or  in  the  position  shewn  in  Fig.  1,  when 
the  steam  should  be  instantaneously  shut  off  from  the 
one  side,  and  applied  as  quickly  to  the  other,  as  is  done 
in  some  of  the  fixed  engines ;  this  cannot,  however,  be 
done  by  the  eccentric  motion.  There  is  likewise  an- 
other important  consideration,  the  engine  has  alter- 
nately to  travel  in  different  directions;  if,  therefore^ 
one  eccentric  was  used  for  each  slide,  it  would  have  to 
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be  placed  in  the  same  position  as  the  crank,  to  suit  the 
motion  in  travelling  in  both  directions ;  and  the  slide 
would  be  moved  to  the  extremity  of  the  face  of  the 
cylinder,  or  be  fully  shut,  when  the  piston  was  at  the 
end  of  the  cylinder  j  full  open  at  the  middle  of  the 
stroke ;  and  again  completely  shut,  when  the  piston  was 
at  the  other  end  of  the  cylinder.  This  sort  of  motion 
would  cause  the  steam  to  be  applied  to  the  piston,  until 
it  arrived  at  the  extremity  of  the  stroke,  and,  conse- 
quently; the  admission  would  not  commence  untill 
some  time  after  the  piston  begun  to  move  in  the 
opposite  direction,  and  would  not  be  fully  open  until 
the  piston  was  at  half  stroke ;  when  it  would  again  gra- 
dually close,  until  it  reached  the  extremity  of  the  stroke. 
This,  as  might  be  expected,  would  operate  very  in- 
juriously to  the  engine ;  inasmuch  as  the  full  pressure 
of  the  steam  would  be  upon  the  piston  to  the  extremity 
of  the  stroke,  and  very  little,  if  any,  steam  would  be 
applied  to  die  piston,  until  some  time  after  the  return- 
ing stroke ;  the  very  reverse  of  the  expansive  system,  so 
beneficially  applied  to  high  pressure-engines. 

As  stated,  in  a  former  part  of  the  work,  experience 
had  shewn,  that  to  obtain  a  maximum  effect,  it  was 
necessary  that  the  steam  should  be  entirely  shut  off 
before  the  piston  arrived  at  the  extremity  of  the  cylin- 
der, and  that  it  should  be  open  to  a  certain  extent, 
when  the  piston  commenced  its  motion,  in  the  opposite 
direction ;  or  in  &ct,  that,  in  those  engines  which  travel 
at  great  velocity,  the  expansive  system  should  be  carried 
further  than  with  large  fixed  engines,  and  that  the 
steam  should  not  only  be  shut  off  from  the  piston, 
before  it  arrives  at  the  end  of  the  stroke,  but  that  the 
steam  should  even  be  applied  to  the  opposite  side  of 
the  piston,  before  it  reached  the  extremity  of  tlie  cylin- 
der ;  or  that  the  slide  should,  at  the  extremity  (^  the 
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8troke,  be  opened  to  a  certain  extent  The  extent  to 
which  the  slide  should  be  open  at  the  return  of  the 
stroke,  will  depend  upon  the  velocity  of  the  piston ;  in 
well-arranged  engines^  (Hie-eigfath  of  aii  inch  has  heea 
found  to  produce  the  best  effect.  Mr.  Pambour,  in 
his  excellait  work,  has  devoted  a  chapter  to  this  part 
of  the  subject,  to  which  we  would  refer  the  reader^ 
requiring  complete  information  on  this  part  of  the 
mechanism  of  locomotive  engines. 

We  have  shewn  a  method  by  which  this  was  effected, 
by  the  eccentric  being  placed  loose  upon  the  axle,  by 
which  the  axle  was  moved  round  to  a  certain  extent, 
before  the  slide  was  moved  at  all.  Upon  public  railwayst 
where  the  speed  is  very  rapid,  there  is  some  risk  attend- 
ing the  use  of  one  eccentric,  working  loose  upon  the  axle, 
and  two  eccentric  wheels  are  therefore  now  generally 
adopted,  for  working  each  cylinder  ;  each  of  which  is 
placed  in  the  proper  position  for  moving  in  opposite 
directions,  and  the  change  is  made  by  a  particular  con- 
trtvancei  with  the  cross  heads,  m  n,  working  the  slides ; 
several  engines  are,  however,  yet  erected  with  single 
eccentrics. 

The  drawings,  Figs.  6,  7,  and  Qy  Plate  XL^  shew 
the  mode  of  working  the  slides  by  double  eccentrics. 
G,  H,  Fig.  9»  working  one  cylinder,  and  i,  k,  the  other  ; 
each  of  which  are  placed  in  the  proper  position  for 
admitting  the  steam  into  the  cylinder,  at  such  a  period 
of  the  stroke,  as  to  produce  a  maximum  effect,  when 
the  engine  is  moving  in  opposite  directicms. 

We  shall  afterwards  inquire  at  what  periods  of  the 
stroke  of  the  piston  this  should  be  effected.  On  atten-^ 
tive  examination  of  the  drawings,  and  of  the  position  in, 
which  these  eccentrics  are  placed,  so  as  to  produce  that 
^ect,  it  will  be  seen,  that  there  are  four  eccentrics, 
two  for  each  cyluider,  one  for  working  the  slide,  wheit 
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travelling  in  one  direction,  and  one  for  working  the  same 
slide,  when  the  engine  is  travelling  in  the  opposite 
direction ;  it  is  necessary,  therefore,  when  the  motion 
of  the  engine  is  to  be  changed  from  one  direction  to 
the  other,  that  one  of  these  sets  of  eccentrics  should  be 
thrown  out  of  geer,  and  the  other  set  put  into  geer ; 
the  great  difficulty,  therefore,  is,  to  change  the  motion 
of  the  slide-rods,  from  one  eccentric  to  the  other,  and 
which  is  done  by  the  clutches,  which  embrace  the  slide- 
rods,  being  thrown  in  and  out  of  geer  by  particular 
contrivances. 

In  some  of  the  engines,  one  handle  is  used,  for  change 
ing  the  motion  of  each  cylinder,  or  throwing  the  slide- 
rods  in  and  out  of  geer ;  this  is,  however,  apt  to  pro- 
duce mistakes  by  the  engine-man,  and,  therefore,  plans 
have  been  devised,  for  changing  the  motion  of  both 
cylinders,  with  one  handle.  This  is  done  in  different 
^'^ySf  by  different  manufacturers.  We  shall  describe  a 
method,  adopted  by  Messrs.  Hawthorn,  of  Newcastle^ 
which,  we  know,  works  very  effectively.  Figs.  6  and  7> 
Plate  XL  shew  the  manner  of  accomplishing  this. 
I,  Ffg.  6,  shews  one  of  the  eccentrics,  a  b,  being  the  ring, 
embracing  the  eccentric,  and  shewing  the  manner  of  fix- 
ing the  rod  to  it,  and  which  is  adjusted  to  the  proper 
length,  by  the  screw-nuts  at  a  and  b  ;  this  is  the 
best  mode  of  adjusting  the  length  of  the  eccentric  rods 
with  which  we  are  acquainted,  the  other  eccentrics 
being  fitted  up  in  a  similar  manner,  and  being  shewn 
by  the  dotted  lines ;  abed,  are  the  four  bars,  proceed--^ 
ing  firom  the  four  eccentrics ;  the  ends  of  these  bars  are 
attached  to  forked  clutches,  or  arms,  hanging  from  the 
levers,  gg',  and  h  K ;  the  end  of  the  bar,  dr,  ^t  ^,  to  1 1 ; 
i,  to  22;  c,  to  33,  and  d,  to  44.  The  lower  end  of 
these  forked  arms  are  made  to  fit  upon  the  cross-bars, 
at  S'^  6^  7f  8,  Pig^  7,  which  is  an  ebd  view  of  the  cross* 
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head,  m  n,  Pig.  3,  and  which  works  the  rod,  p,  and 
slide,  e  e',  back  and  forwards ;  the  two  weigh-bars,  5,  6, 
Fig.  6,  are  in  the  position  attached  to,  or  resting  upon, 
the  cross-bars,  5  and  6,  Fig.  7«  As  shewn  at  Fig.  6, 
these  forked  rods  are  hung  at  their  other,  or  upper 
ends,  from  arms,  or  levers,  fixed  upon  the  centres, 
g  and  h ;  11,  and  2  S,  being  suspended  from  the 
lever,  h  k ;  and  3  3,  4  4,  from  the  arm,  or  lever,  gg\ 
When  the  forked  arms  are  thrown  into  geer,  or  rest 
upon  the  weigh-bars,  r  s,  r  m,  as  11,  upon  5,  and  S  2, 
upon  6,  Fig.  7>  and,  being  attached  to  the  rods,  a  i,  of 
the  eccentrics,  the  arms,  n  and  t,  are  worked  by  the 
eccentrics,  and,  consequently,  the  slides,  e  e\  e  ef^  of 
the  cylinders ;  but,  when  the  forked  arms  are  lifted  out 
from  off  the  weigh-bars,  5  and  6,  they  move  back  and 
forwards,  suspended  from  the  end  of  the  levers,  as  in 
the  case  of  3  3,  4  4,  from  g  g\  without  moving  the  slides 
at  alL  The  system  of  working  the  slides,  therefore,  is, 
that  four  forked  arms  attached  to,  and  working  con- 
tinually with,  the  eccentric  sheeves,  two  for  each  cylia- 
der,  are  alternately  thrown  in  and  out  of  geer,  as  the 
engine  moves  in  different  directions ;  two  only  of  these 
forked  arms  being  in  action  at  one  time,  the  two  which 
are  resting  upon  the  weigh-bars,  5,  6,  or  7>  S,  are  work- 
ing the  slides  of  the  cylinders,  and  the  other  two,  which 
are  not  resting  upon  these  bars,  are  inoperative.  It  is 
only,  therefore,  necessary,  in  order  to  change  the  mo- 
tion of  the  engine,  to  lift  one  set  of  these  forked  arms, 
from  off  the  weigh-bars,  5,  6,  7f  8,  and  replace  them  by 
the  other  two.  We  shall  now  describe  how  this  is 
effected,  gf  is  another  arm,  upon  the  axle,  g^  from 
which  the  rod,  e,  proceeds,  to  the  handle,  h,  fixed  upon 
the  fulcrum,  f,  and  worked  by  the  engine-man ;  the 
lever,  ggf  is  prolonged  in  the  opposite  direction,  to  t, 
to  which  a  pin  is  fixed,  fitting  vertically  within  the 
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oblong  hole,  in  ihe  lever,  h  h\  the  prolongation  of  the 
lever,  A  A',  firomg-,  being  shewn  by  the  dotted  lines. 
When,  therefore,  the  handle,  h,  is  thrown  back,  as 
shewn  in  Fig.  6,  the  lever,  g  g^,  is  raised  upwards,  and, 
with  it,  the  forked  arms,  3  3,  and  4  4 ;  while,  at  the 
same  time,  the  lever,  h  A',  is  depressed,  by  the  pin,  f , 
working  in  the  oblong  hole,  at  t,  and  with  it  the  forked 
arms,  1  1,  and  2  S ;  and,  consequently,  by  this  opera- 
tion, the  two  forks,  11,  and  22,  are  thrown  into  geer, 
or  upon  the  weigh-bars,  5  and  6 ;  while  the  two  forks, 
3  3,  4  4,  are  raised  up,  or  lifted,  out  of  geer,  or  from  the 
weigh-bars,  7  and  8,  Fig.  7.  . 

When,  however,  the  handle,  h,  is  thrown  forwards, 
the  lever,  fffff,  is  depressed,  and  the  lever,  hh^  raised 
by  the  pin,  1,  acting  in  the  same  manner  as  before, 
against  the  oblong  hole;  the  forked  arms  1 1,  and  2  2, 
are,  therefore,  lifted  from  off  the  weigh-bars,  5  and  6,  or 
thrown  out  of  geer,  and  the  forks,  3  3  and  4  4,  are  de- 
pressed or  thrown  into  geer  upon  the  weigh-bars,  7  &nd  8, 
Fig.  7 ;  N,  and  t,  Fig.  7 9  repi-esenting  the  ends  of  the 
arms,  n  and  t,  Figs.  3  and  1 ;  the  slides  are  thus,  by  this 
contrivance,  alternately  engaged  or  disengaged  from  the 
two  eccentrics. 

The  rods  a,  and  c,  are  attached  to  the  eccentrics,  1  and 
K,  of  one  engine,  and  the  rods  i,  and  cf,  to  the  eccentrics, 
H,  and  6,  of  the  other.  The  eccentrics,  k,  and  g,  being 
fixed  in  the  proper  position  upon  the  axle,  for  applying 
the  steam  to  tiie  cylinders  at  the  proper  time^  when 
the  engine  is  moving  in  one  direction  ;  and  the  eccen- 
trics, I,  and  H,  when  the  motion  is  reversed^  or  when  the 
engine  is  moving  in  the  opposite  directiim.  According 
to  this  arrangement  of  working  the  slides,  and  changing 
the  motion  of  the  eccentrics ;  nothing  more  is  required 
to  reverse  the  direction  of  the  engine,  than  to  move  the 
handle,  h,  from  one  position  to  the  other. 
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Mgs.  1  and  ^,  Plate  XIL  are  a  side  view  and  elevation 
of  a  locomotive  engine  complete,  the  middle  wheels, 
being  those  to  which  the  steam  is  applied,  and  being 
larger  than  the  others.  The  figures  in  this  plate  have 
the  same  reference  as  in  Plate  XL  The  handle,  h,  for 
changing  the  motion  of  the  engine,  is  a  little  different 
from  that  described  in  Fig.  6,  Plate  XL^  the  mode  of 
working  the  slides  being  different  p  is  the  pipe  leading 
from  the  water-tank  to  the  force  pump,  for  supplying 
the  boiler  with  water.  We  have  not  shewn  the  plan  of 
pump,  but  as  the  mode  of  working  such  pumps  are  so 
well  known,  except  shewing  the  sort  of  clack  generally 
used,  we  did  not  think  it  necessary  to  give  any  plates  to 
illustrate  the  plan  of  working  these  pumps.  We  may, 
however,  observe,  that  there  are  always  two  pumps 
attached  to  each  engine,  the  constant  and  certain 
supply  to  engines  of  such  rapid  evaporating  powers, 
being  of  the  greatest  consequence.  The  pumps  are 
worked  from  eccentrics,  on  the  axle  of  the  wheels  of  the 
engine. 

We  have  not  given  a  plan  of  the  tender,  for  carrying 
the  coke,  and  water ;  these  are  made  similar  to  other 
carriages  in  the  frame- work  and  wheels,  with  a  wrought- 
iron  tank,  of  a  quadrangular  form,  about  two  feet  and 
a  half  high,  and  one  foot  and  a  half  wide,  around  the 
sides  of  the  platform  of  the  carriage,  open  at  the  end 
next  the  engine,  the  space  within  being  allotted  for  the 
deposit  for  the  coke. 

The  plan  of  engine  shewn  in  Fig.  1 ,  Plate  XIL  is 
such  as  is  used  for  the  conveyance  of  passengers,  or 
where  the  load  to  be  taken  is  not  great,  or  where  a 
great  amount  of  adhesion  is  not  required ;  the  driving 
wheels  of  this  engine  are  five  feet  in  diameter,  calculated 
for  a  speed  of  twenty-four  miles  an  hour.  When  heavy 
trains  are  to  be  propelled,  or  where  the  gradients  of  the 
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road  is  such  that  adequate  adhesion  Ls  not  obtaihedy 
four  of  the  wheels  are  coupled  together,  by  which  a 
greater  amount  of  adhesion  is  obtained ;  this  is  done  by 
projecting  the  axles  of  the  driving  wheels  beyond  the 
fetme-work  of  the  engine,  and  cranking  the  ends ;  the 
axle  of  the  other  pair  of  wheels  is  made  to  project  in 
like  manner,  and  a  horizontal  rod  between  the  ends  of 
the  crank,  connects  the  motion  of  the  wheels  with  each 
other ;  and,  in  some  cases,  as  for  the  inclined  planes 
on  the  Liverpool  and  Manchester  line,  and  also  for  the 
Newcastle  and  Carlisle  railway,  all  the  six  wheels  of  the 
engine  are  so  coupled ;  the  wheels,  in  this  case,  being 
of  less  diameter. 

In  the  Great  Western  railway,  which  is  made  seven 
feet  wide  between  the  rails,  and  on  which  Mr.  Brunei 
proposes  travelling  at  a  higher  rate  of  speed,  he  has 
made  his  driving  wheels  of  a  larger  diameter  ;  and  the 
Messrs.  Hawthorn  are  now  constructing  an  engine  for 
that  railroad,  with  driving  wheels  ten  feet  in  diameter, 
calculated  for  a  speed  of  forty  miles  an  hour. 

Tables  of  the  Dimermons  of  Locomotive  Engines. 

We  now  give  tables  of  the  dimensions  of  several 
engines,  constructed  by  Messrs.  Stephenson  and  Co., 
and  Messrs.  R.  and  W.  Hawthorn  of  Newcastle  upon 
Tyne. 
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359  DIFFERENT   KINDS    OF    MOTIVE    POWER. 

road  id  such  that  adequate  adhesion  Ls  not  obtained^ 
four  of  the  wheels  are  coupled  together,  by  which  a 
greater  amount  of  adhesion  is  obtained ;  this  is  done  by 
projecting  the  axles  of  the  driving  wheels  beyond  the 
frame-work  of  the  engine,  and  cranking  the  ends ;  the 
axle  of  the  other  pair  of  wheels  is  made  to  project  in 
like  manner,  and  a  horizontal  rod  between  the  ends  of 
the  crank,  connects  the  motion  of  the  wheels  with  each 
other ;  and,  in  some  cases,  as  for  the  inclined  planes 
on  the  Liverpool  and  Manchester  line,  and  also  for  the 
Newcastle  and  Carlisle  railway,  all  the  six  wheels  of  the 
engine  are  so  coupled ;  the  wheels,  in  this  case,  being 
of  less  diameter. 

In  the  Great  Western  railway,  which  is  made  seven 
feet  wide  between  the  rails,  and  on  which  Mn  Brunei 
proposes  travelling  at  a  higher  rate  of  speed,  he  has 
made  his  driving  wheels  of  a  larger  diameter  ;  and  the 
Messrs.  Hawthorn  are  now  constructing  an  engine  for 
that  railroad,  with  driving  wheels  ten  feet  in  diameter, 
calculated  for  a  speed  of  forty  miles  an  hour. 

• 

Tables  of  the  DimensioTis  of  Locomotive  Engines. 

We  now  give  tables  of  the  dimensions  of  several 
engines,  constructed  by  Messrs.  Stephenson  and  Co., 
and  Messrs.  R.  and  W.  Hawthorn  of  Newcastle  upon 
Tyne. 
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CHAPTER  VIL 

ON  THE  FRICTION,  AND  RESISTANCE  OF  CARRIAGES 

MOVED  ON  RAILROADS. 

§  1. '•^Different  kinds  of  Friction. 

In  all  carriages,  moved  on  railways,  or  other  roads, 
there  is  always  a  certain  degree  of  obstruction,  or  re- 
sistance to  their  progressive  motion,  arising  from  the 
attrition  of  their  rubbing  parts,  and  the  action  of  the 
wheels  upon  the  rail ;  and  this  retardation  is  denomi- 
nated UtiQ  friction  of  the  carriages,  and  is  always  greater 
or  less  in  the  proportion  which  the  extent  of  rubbing 
action  bears  to  the  weight  of  the  carriage.  This  re- 
sistance of  wheel  carriages  is  referable  to  two  separate 
causes  : — that  arising  from  the  pressure  or  attrition  upon 
the  axles ; — and  the  obstruction  to  the  rolling  of  the 
wheels  upon  the  rails  or  road.  In  the  case  of  a  com- 
mon sledge,  or  a  body  dragged  along  the  surface  of  a 
plane,  the  entire  weight  of  the  body  is  referable  to  the 
action  of  attrition,  the  parts  subjected  to  attrition  sliding 
over  each  other  with  the  same  velocity,  as  the  progres- 
sive motion  of  the  body  on  the  plane.  On  the  contrary, 
if  the  body  be  cylindrical,  and  roUed  along  the  plane, 
no  part  of  it  is  subjected  to  the  action  of  attrition ;  the 
only  resistance  (which,  when  the  surfaces  are  smooth 
and  hard,  is  very  trifling)  being  that  produced  by  the 
rolling  of  the  periphery  upon  the  plane. 

Suppose  a  cylinder  composed  of  two  concentric  cir- 
cles, one  within  another,  let  the  interior  cylinder  be  of 
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small  diameter  compared  with  that  of  the  outer ;  if  we 
now  cause  this  cylinder  to  roll  along  a  plane,  upon  the 
periphery  of  the  outer  circle,  and  place  the  body  to  be 
moved,  or  the  carriage,  upon  the  periphery  of  the  inner 
cylinder;  that  portion  of  the  resistance  arising  from 
attrition,  will  be  represented  by  the  weight  of  the  body 
acting  upon  the  periphery  of  the  inner  circle ;  and  that 
portion  arising  from  rolling,  the  resistance  of  the  peri- 
phery of  the  outer  circle  upon  the  plane.  And  as  the 
velocities  of  the  peripheries  of  these  circles  will  be  in 
the  ratio  of  their  diameters,  the  velocity  of  the  rubbing 
surface,  compared  with  the  velocity  of  the  rolling  action, 
will  be  as  the  radii  of  the  respective  circles.  In  this 
case  the  inner  circle  represents  the  axles,  and  the  outer 
the  wheels  of  a  carriage  ;  hence  we  have  two  distinct 
species  of  friction,  viz.,  the  friction  of  attrition,  acting 
upon  the  axles  ;  and  that  of  rolling,  acting  on  the  peri- 
phery of  the  wheel :  —  the  degree  of  resistance  opposed 
to  the  promotion  of  the  carriage,  by  the  sliding  of  the 
axles  upon  the  chairs  or  bearings  which  rest  on  them,  is 
csXi^di  ihe  friction  oi  attrition  ;  and  the  retardation  by 
the  action  of  the  periphery  of  the  wheels  rolling  upon 
the  rails,  the  rolling  friction.  In  all  wheel  carriages, 
however,  the  two  species  of  friction  are  in  action  at  the 
same  time,  and,  therefore,  where  it  is  not  particularly 
expressed  to  the  contrary,  the  term  friction  will  be 
understood  to  comprehend  both  kinds  of  resistance 
combined.  It  will  be  afterwards  necessary,  when  treat- 
ing of  locomotive  carriages,  to  speak  of  that  property 
of  bodies  in  contact  with  each  other,  and  subjected  to 
pressure;  the  surfaces  of  which  resist  sliding,  and 
which  is  employed  for  a  mechanical  purpose ;  the  em- 
ployment of  such  resistance,  for  that  particular  pur- 
pose, ceasing  when  the  surfaces  begin  to  slide  over  each 
other ;  whereas,  in  the  case  of  the  friction  of  attrition 
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above  mentioned,  the  action  only  commences  when  the 
bodies  slide  over  each  other.  We  shall,  therefore,  def- 
nominate  that  force,  which,  acting  upon  two  surfaces  in 
contact  with  each  other,  and  which  is  not  sufficient  to 
cause  them  to  slide  on  each  other,  as  the  force  of 
adhesion. 

There  are  other  species  of  obstructions  presented  to 
the  motion  of  carriages,  besides  those  already  enume- 
rated, such  as  the  action  of  the  wind,  &c. ;  but  as  their 
effects  in  retarding  motion  at  moderate  velocities  are 
trifling,  we  shall  at  present  omit  noticing  their  effect, 
but  shall  afterwards,  when  treating  of  rapid  motion, 
recur  to  these  obstructions. 

Lety  =  the  resistance  opposed  to  the  free  motion  of  a  carriage 
upon  a  railroad,  by  the  action  of  rolling,  in  parts  of 
the  weight  w. 
g  =  that  by  attrition,  upon  the  axles  in  parts  of  the  weight 

D  =  diameter  of  the  wheels. 
d  =  diameter  of  the  axles. 
Then  the  power  p,  required  to  move  the  body  over  the  plane  will 

u  W   ,       w' 

be  p  ^^-z-^ 


In  this  case  w  represents  the  whole  weight  of  the  carriage,  and 
w'  that  part  resting  upon  the  axles ;  and  it  follows  from  this^  that  the 
quantity  of  rubbing  action,  or  that  part  of  the  friction  of  railway 
carriages,  which  arises  from  the  attrition  on  the  axles,  will  be  in  the 


w' 


inverse  ratio  of  the  wheels,  or  -^  while  the  resistance  arising  from 

/  5 

w 
the  acrtion  of  rolHng  will  be  always  -  We  have  no  decisive  experi- 
ments to  prove  the  value  of /*  with  different  sized  wheels;  but  as 
large  wheels  more  easily  surmount  obstacles  than  wheels  of  small 
diameter,  we  may  suppose  the  former  will  always  present  less 
resistance. 
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Ib  €xmstpactaDg  wfaed  canisiges  tberefere,  with  a 
▼iew  of  dimiiiiiihiDg^  their  fiictioii,  it  would  appear  that 
we  iboiild  make  the  diameter  of  the  wheds  as  large, 
and  tibe  axks  as  snail,  as  poaaible ;  but  there  is  a  limit 
to  this,  JndrpendeDtly  of  the  incomrenieiice  of  kndii]^ 
aad  oiiloading  caniages»  mudi  derated  bj  being  placed 
upon  Terjr  high  wheels.  The  axles  must  be  made 
sufficiently  strong  to  support  the  weight  placed  upon 
them ;  and  that  strength  must  be  increased  with  the 
size  of  the  idieels,  for  the  larger  the  wheels^  the 
greater  the  lefeiage  to  twist  and  break  the  axles ;  but 
as  the  tendency  to  break  the  axles,  increases  onl  j  in  the 
direct  proportion  of  the  diameter  of  the  wheels,  while 
the  strength  of  the  axles  increases  as  the  cube  of  their 
diameter,  it  will,  in  all  cases,  be  of  advantage  to  make 
the  wheels  of  as  large  a  diameter,  and  the  diameter  of 
the  axles  at  the  points  of  bearing  as  small,  as  circum- 
stances will  permit. 

In  order  to  obtain  a  correct  knowledge  of  the  resist- 
ance of  carriages  moved  on  railroads,  it  will  be  neces- 
sary, therefore,  to  ascertain  by  experiment  the  values  of 
fzxidif'.     In  the  former,  the  sphere  of  action  is  con- 
fined to  the  breadth  of  the  rail,  which  is  generally  the 
same  in  all  railroads ;  but  in  the  latter,  and  in  all  rubbing 
sur&ces,  it  is  a  subject  of  the  utmost  importance,  to 
ascertain,  not  only  the  absolute  resistance  arising  from 
the  friction  of  the  axles,  but  likewise  what  extent  of 
bearing  sur&ce,  in  proportion  to  the  weight,  produces 
the  least  friction.    The  opinions  of  men  of  science,  on 
these  points,   are  very  various,   and  the  experiments 
made  do   not   appear   to   have  settled   the   questicm 
satisfactorily.     These  reasons,  therefore,  induced  us, 
as  well  before,  as  since  the  publication  of  the  first 
edition  of  this  work,  to  make  numerous  experiments  to 
determine  these  questions. 
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§  2. — Friction  with  respect  to  Weight.    Coal  Waggons^ 

with  inside  Bearings. 

It  has  long  been  a  matter  of  just  regret,  that  so  few 
experiments  have  been  made,  to  ascertain  the  degree 
of  resistance  arising  from  -friction  to  carriages  moved 
along  railroads;  on  a  subject  of  such  importance,  it  is 
astonishing  that,  until  lately,  so  little  interest  should 
have  been  excited,  comprehending,  as  it  were,  the  en- 
tire basis  of  the  subject  Observations  had  been  made 
on  the  weight  which  a  horse  could  drag  by  a  car- 
riage on  a  railroad,  but,  as  in  this  case,  no  measure  of 
the  force  exerted  by  the  horse  was  used,  the  resistance 
of  the  carriage  could  not  be  ascertained. 

First.  —  Ghrimshayfs  Experiments. 

Mr.  Grimshaw,  of  Sunderland,  when  proprietor  of  a 
colliery  in  that  neighbourhood,  made  a  great  many  ex- 
periments on  the  friction  of  wheel  carriages,  with  the 
particulars  of  which  we  have  been  favoured.  He  laid  a 
few  lengtlis  of  cast-iron  railway  down  upon  beams  of 
wood,  and  placed  upon  this  railway  the  carriages  used 
by  him  in  conveying  his  coals  down  to  the  river.  He 
then  elevated  those  beams  at  one  end,  until  they  formed 
different  angles  with  the  horizon,  and  observed  the  time 
the  carriages  were  in  descending  from  one  end  to  the 
other,  when  the  plane  was  elevated  to  different  angles. 
By  comparing  the  spaces  actually  passed  over  by  the 
carriage,  with  the  space  which  gravity  would  have 
caused  the  body  to  describe  in  the  same  time  when 
falling  freely,  the  amount  of  retardation  caused  by  the 
friction,  was  thus  ascertained. 
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EafiCT  cjiiiiigt,  v«%kiB^  SSvSlhft.  fricocA,  10l}&,  or  t^ 
-^v^  port  of  its  vdtgiEt. 

Mr«  Palmer^  in  the  desciqicioD  of  his  ndhny*  states 
the  result  of  some  experiments,  made  on  the  fiiction  of 
carnages,  moved  along  different  kinds  of  raikoads; 
he  makei  the    resistance    oonddeiaUv   greater    dnn 


Mr«  Grimshaw,  amounting  to  the  eigfatv-seventh  part 
of  the  weight,  as  fixmd  upon  the  Edge  railroad,  finom 
the  Penryn  slate  quarries ;  but,  as  this  must  have  been 
owing  to  some  difference  in  the  omstruction  of  the 
railway  or  carriages,  and  as  Mr.  Palmer  does  not  give 
any  detail  of  his  experiments,  we  are  not,  therefore, 
capable  of  judging  of  the  cause  of  such  an  anomaly. 

Second. — Killingtcorth  Experiments. 

Impressed  with  the  importance  of  knowing  the  jm^- 
cise  amount  of  resistance  opposed  to  the  motion  of 
carriages  along  railroads,  and  also  the  resistance  by 
different  forms  of  carriages ;  Mr.  Geo.  Stephenson  and 
myself,  in  October,  1818,  commenced  a  series  of  expe- 
riments, upon  the  Killingworth  railroad,  to  ascertain 
that  desideratum. 

A  spring  dynamometer  was  first  used,  but  we  found 
its  action  subject  to  such  irregularity,  that  we  were 
obliged  to  abandon  it,  and  resort  to  one  of  the  following 
construction. 

A  very  heavy  pendulum,  or  leaden  weight,  was  sus- 
pended by  a  rod  or  arm,  from  a  well-turned  and  per- 
fectly smooth  axle,  moving  freely  upon  a  brass  carriage 
or  chair,  which  was  kept  well  oiled,  and  moved  with 
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very  little  friction.  A  grooved  quadrant,  accurately 
formed,  was  fixed  at  the  extremity  of  the  pendulum^ 
and  moved  with  it.  Upon  the  side  of  the  periphery  of 
the  quadrant,  a  graduated  index  was  fixed^  on  which 
were  marked  divisions,  representing  pounds.  A  pointer 
was  secured  to  the  frame  of  the  carriage,  in  such  a 
manner  as  to  be  capable  of  being  adjusted  to  suit  the 
angle  of  the  road ;  so  that,  when  the  pendulum  was 
perpendicular^  the  index  pointed  to  the  first  of  the 
divisions. 

When  the  pendulum  was  lefl  at  liberty,  it,  of  course, 
assumed  a  position  perpendicular  to  the  horizon,  or 
hung  freely  down  j  and,  consequently,  required  a  cer- 
tain force  to  remove  it  from  that  position,  which  force 
varied  according  to  the  different  angles  it  was  made  to 
form,  with  respect  to  the  horizon ;  the  greatest  force, 
which  it  would  present  to  any  power  drawing  it  out  g£ 
the  vertical  position,  being  when  the  pendulum  be- 
came parallel  with  the  horizon. 

Knowing  the  weight  of  the  leaden  ball,  and  the 
length  of  the  arm  of  the  pendulum,  it  would  have  been 
easy  to  calculate  the  scale  of  divisions  representing 
pounds ;  but  we  preferred  marking  them,  by  employing 
known  weights,  to  drag  the  pendulum  out  from  the 
perpendicular.  To  accomplish  this,  we  used  a  steel- 
yard, made  for  the  purpose,  with  arms  of  equal  lengths, 
at  right  angles  to  each  other ;  one  of  which  would  tliu8 
be  perpendicular,  and  the  other  horizontal.  This  rested 
on  a  pivot,  with  sharp  points,  the  arms  balancing  each 
other  with  great  nicety.  From  the  horizonal  arm, 
known  weights  were  suspended,  and  from  the  end  of 
the  perpendicular  arm,  a  rope  proceeded,  which  passed 
round  the  groove  of  the  quadrant,  and  was  fastened  to 
the  leaden  ball.     The  weights  were  added,  pound  by 
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pound,  and  the  steel-yard  adjusted  at  each  operation  ; 
and,  as  the  weights  drew  the  pendulum  out  of  the 
perpendicular,  the  divisions  were  marked  on  the 
vernier  of  the  index.  The  same  rope  was  used  in 
the  experiments,  that  was  made  use  of  to  adjust  the 
instrument. 

This  instrument,  which  was  a  perfect  dynamometer, 
was  firmly  fixed  upon  a  carriage,  placed  upon  wheels 
of  such  a  height,  that  the  rope,  leading  away  horizon- 
tally in  a  tangent  from  the  quadrant,  could  be  fastened 
to  that  part  of  the  carriages,  to  be  made  the  subject  of 
experiment,  by  which  they  are  usually  drawn  along  the 
railroad. 

The  carriage,  containing  the  dynamometer,  was 
placed  upon  the  railroad,  and  the  rope  fastened  to  the 
carriage,  the  friction  of  which  was  to  be  ascertained. 
Manual  labour  was  then  applied  to  the  dynamometer 
carriage,  to  push  it  along  the  railroad,  and  the  rope, 
being  fastened  to  the  waggon,  it  was  drawn  forward  by 
the  rope  of  the  dynamometer.  The  distance  which  the 
pendulum  was  drawn  out  from  the  perpendicular,  by 
the  action  of  the  rope,  was  therefore  the  measure  of 
force,  or  pressure,  required  to  move  the  waggon  for- 
ward upon  the  railroad. 

Before  recording  the  pressure  indicated  by  the  index, 
both  carriages  were  put  into  a  certain  velocity,  and  that 
velocity  was  kept  up,  as  equable  as  possible,  during  the 
course  of  the  experiments.  At  first,  it  was  found  rather 
difficult  to  preserve  a  state  of  perfect  uniform  velocity, 
the  least  variation  in  the  force  applied  to  push  the 
dynamometer  forward,  causing  the  index  to  vibrate 
backwards  and  forwards.  By  employing  a  greater 
number  of  men,  we  accomplished,  after  successive  trials, 
a  r^uJarity  of  action,  which  produced  the  most  uniform 
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velocity  in  the  motion }  and  each  experiment  was  re- 
peated until  we  were  perfectly  satisfied  of  the  accuracy 
of  the  result. 

The  degree  of  force  indicated  by  the  d3niamometer9 
was,  therefore,  that  which  was  required  to  keep  the 
waggon  in  motion,  or  to  keep  it  m  a  state  of  uniform 
velocity,  that  velocity  being  first  produced  by  other 
means. 

Experiments  made  at  Killingworth  colliery,  with  the 
dynamometer,  to  ascertain  the  friction  or  resistance 
of  carriages  moved  along  railroads. 

The  rails  were  of  cast  iron. — Edge-rails  of  Messrs.  Losh 
and  Stephenson,  Fig.  2,  Plate  II.  Flat  bearing  sur- 
face, two  inches  and  a  half  broad;  three  feet,  nine 
inches  and  a  half  long;  the  plane,  a  piece  of  road 
selected  for  the  purpose,  was  quite  straight,  and  with  a 
uniform  inclination  of  .0738  inches  in  a  yard,  or  one 
yard  in  488.  The  carriages  were  the  same  as  used 
upon  the  road  for  the  conveyance  of  coals,  and  similar 
in  shape  to  that  shewn  in  Figs.  1,  2,  Plate  VII.  The 
wheels  were  fixed  upon  the  axles,  and  turned  with 
them;  their  diameter  was  thirty-four  inches,  with  a 
projecting  ledge  of  three-fourths  of  an  inch,  to  keep 
them  on  the  road.  The  body  of  the  carriage  rested 
by  a  chair  of  brass  or  iron  upon  the  axles  of  the  wheels, 
as  explained  in  the  detail  of  the  experiments ;  the  axles 
being  of  wrought-iron,  two  inches  and  three  quarters  in 
diameter,  at  the  bearing. 
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Experiment  I. 


■8 

li 

li 

Ih 

ii 

|. 

DBcription  of  camiigea. 

11 

l-i- 

iij 

^  f 

1 

*6l 

-P 

fii 

:li 

'^ 

« 

£  = 

1 

Lowled    csrriitgc,    weighiag  23)  cwt.,  nnd 

lbs. 

lbs. 

lbs. 

76icwt.        Whwls    c«t-iron,    ose-har- 

doied,  uid  had  been  in  use  sii  months. 

The  boaruiga  upoo  the  aiea,  ofeut-iron, 

four  inchei  broad         .... 

se 

as 

39 

Ti« 

^ 

Lomied  carruige.  «rae  weight  bs  the  pre- 
ceding.     Wbeeli  cart-irOD,  but  not  cMc- 

CbsiiB  or  bi»riiigs  brsM,  I^  inches  broad 

78 

48 

63 

Tfo 

Fou  r  empty  corriBges,  eocb  waghing  -2  3  j  cwt. 

Three  with  cnsc-hordened  wheels,  snil  one 

with  whe«li    not   case  hardened.     Sanic 

kindof  beaHngiasNa.1. 

74 

32 

53 

Th 

■* 

Four  empty  carriagea,  rame  weight  as  the 
preoediog,  three  with  common,  and  one 

hras^  umilar  to  No.  2. 

91 

49 

liv 

5 

Four  empty  carrisgea,  same  weight  as  No.  3. 
.11   with   old  wheel.,   not  ««-hMdened, 

112 

70 

91 

T+T 

llic  preceding  twelie  empty  carrisgea  to- 

g«her         -           -           -             - 

Ttr 

7 

•  i'our     empty    ciimiges,    and    weighing 

aaj  ewt.,  all  with  caKshardened  wheels, 

and  cBM-Jran  besiingi,  smihir  to  No.  I. 

72 

89 

SO 

**v 

8 

Four   einptj  carriages,  same  wei^ihi,   wiili 

IS 

93 

54 

Ti* 

9 

Pour  empty  ea^riage^  aame  wdght,  wheela 

«milar  to  No.  7 

69 

rtrr 

10 

Four  onpty  caniagEa,  sanw  weight,  wheels 

■Bmc  as  preceding,  or  No.  9.     Brass  bear. 

ing*  «<nibir  U.  No.  B.          - 

96 

54 

IS 

-rh 

Four  empty  carriages,  «rae  weight,  caw- 

hardened   wheel*.      Wrougiit-iron    bear. 

tog>,  »me  as  No,  5. 

«9 

■47 

69 

■*<r 

*  After  the  abore  eiperimenta  were  performed,  tl 
in  the  result,  between  the  carriages  baling  diGTercnt  kinds  of  wheels,  and  besringa; 
I  inada  to  Mcertain  bow  much   the  rewtance  was  aSected  by 
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A  very  material  difference  in  the  result,  will  be 
found  in  the  construction  of  the  carriages,  used  in 
these  experiments.  The  carriage  No.  1,  was  of  the 
most  modern  construction,  and  the  resistance  upon  a 
level  plane  amounted  to  no  more  than  thirty-nine 
pounds,  or  -rfy  th  part  of  the  weight  The  carriage  No.  2; 
required  sixty- three  pounds,  or  -rjuth  part  of  the  weight, 
almost  two  thirds  more ;  but  as  the  bearings  and 
wheels  were  different,  it  was  desirable  to  find  to  which 
the  variation  was  attributable. 

On  comparing  No.  8,  and  No.  10,  together,  which 
had  the  same  kind  of  bearings,  but  different  wheels,  it 
will  be  seen  that  in  the  four  empty  carriages,  there  is  a 
difference  in  the  resistance  of  twenty-one  pounds, 
which  must  arise  from  the  wheels  alone.  The  whole 
weight  of  those  carriages  was  ninety-three  hundred 
weight ;  therefore,  the  additional  resistance  occasioned 
by  wheels,  partly  worn  or  indented  into  a  groove  around 
the  rim,  amounts  to  nearly  the  5(X)th  part  of  the  weight. 
Again,  on  comparing  No.  7>  and  No.  8,  we  find  the 
difference  nearly  the  same,  amounting  to  the  550th 
part  of  the  weight.  This  proves  the  great  superiority 
of  case-hardened  wheels  over  the  common  ones ; 
not  only  in  economy,  but  also  in  lessening  the 
resistance. 

In  examining  the  experiments,  there  is  also  another 
variation  in  the  result,  owing  to  the  different  kinds  of 
bearings  employed.  Comparing  the  resistance  of  No.  8, 
with  No.  7»  there  appears  a  difference  of  four  pounds, 
which  is  equal  to  one  pound  in  each  carriage  between 
bearings  of  cast  iron  and  of  brass.  The  iron  bearing 
are  broader  than  those  of  the  brass,  and  this  will^  per- 
haps, account  for  the  difference;  otherwise  the  brass 
woulcj  most  likely  have  been  found  to  present  the  least 
friction,  but  it  at  the  same  time  proves  the  necessity  of 
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making  the  bearings  of  a  certain  area,  compared  with 
the  pressure  upon  them,  and  shews  that  the  brass  is 
considerably  below  that  area  ;  inasmuch,  as  we  find  that 
the  increased  breadth  of  the  cast  iron,  more  than  com- 
pensates for  its  inferiority  to  brass,  in  diminishing  the 
friction. 

We  had  also  an  opportunity  of  subjecting  to  the 
test  of  experiment,  another  kind  of  bearing,  which  for 
a  long  period  after  the  introduction  of  railways  was 
universally  used,  and  we  believe  is  still  used  in  some 
places. 

This  is  a  malleable  iron  bearing,  formed  by  the  ham- 
mer of  the  blacksmith,  one  inch  and  a  quarter  broad. 
This  was  the  bearing  used  in  No.  11,  which,  on  being 
compared  with  Nos.  7>  and  8,  a  difference  will  be  found 
amounting  to  nineteen  pounds,  between  that  kind  of 
bearing  and  the  cast  iron,  and  fifteen  pounds  between  it 
and  the  brass ;  which  is  equal  to  the  difference  between 
the  common  and  the  case-hardened  wheels,  and  amount- 
ing to  nearly  the  550th  part  of  the  weight.  This  is 
not  the  only  evil  produced  by  the  use  of  this  kind  of 
bearing ;  it  also  operates  very  powerfully  in  cutting  the 
axles.  On  being  shewn  two  axles,  it  is  readily  dis- 
tinguishable to  which  kind  of  bearing  each  has  been 
subjected ;  the  axle  with  the  narrow  bearing  is  cut  and 
ftirrowed,  while  the  other  is  smooth  and  even ;  and  it 
need  not  be  stated  the  effect  which  such  a  cause 
would  produce  in  the  expence,  by  the  destruction  of 
axles. 

The  reduction  of  friction,  by  the  introduction  of  broad 
bearings  and  case-hardened  wheels  is  very  considerable, 
and  when  properly  estimated,  are  of  great  moment  in 
the  economy  of  railroad  conveyance.  The  two  toge- 
ther, amount  to  the  275th  part  of  the  weight  of  the 
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carnage,  or  equal  to  forty-three  per  cent,  of  the  whole 
amount  of  friction. 

Third, — Hetton  Experiments. 

The  following  are  some  experiments,  which  I  made 
upon  the  Hetton  Colliery  railroad,  in  December  18S4, 
which,  as  determining  the  friction  by  other  methods, 
will  be  interesting,  as  a  comparison  with  the  preceding. 
Length  of  plane,  1164  feet,  perfectly  straight,  with  an 
uniform  and  regular  descent  of  one  yard  in  104,24,  or 
eleven  feet,  two  inches,  in  the  whole  distance ;  edge- 
rail,  of  Losh  and  Stephenson's  patent,  two  inches  and  a 
half  broad  at  top.  The  carriages  were  allowed  to 
descend  freely  by  their  gravitating  force,  and  the  space 
they  passed  over,  ascertained  by  a  stop-watch. 

Experiment  II. 

JFour  loaded  carriages,  each  weighing  9408  lbs.,  with  case-hardened 
wheels,  two  feet  eleven  inches  in  diameter,  malleable  iron  axles,  three 
inches  diameter,  bearing  cast-iron,  four  inches  broad. 

Space  described,  1164  feet;  time,  120  seconds. 

Supposing  w  ==  8906  and  ii7  ^  (as  per  experiment)  2095  lbs. ;  we 

w  +  v^xs 
have  by  formula  9  (p.  236)  »=w  +  w  sin.  i^  ■     ■     ?° —  s  1574  lbs. ; 

and  — —  s=  39'35  lbs.  the  friction  of  each  carriage. 

Experiment  III. 

Seven  loaded  carriages,  similar  to  the  above,  described  precisely 
the  same  space  in  the  same  time,  making  their  friction  the  same  as 

above  -  viz.  39  *  35  lbs. 

During  the  time  of  perfornfiing  these  two  experiments, 
it  was  a  dead  calm,  not  the  least  wind ;  and  the  rails 
were  dry,  and  in  that  state  which  would  present  almost 
the  least  resistance  to  the  wheels. 
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Experiment  IV. 

Same  plane,  with  one  loaded  carriage,  similar  to  the  preceding: 
space  described,  1268  feet :  time  of  descent,  128  seconds. 

By  theorem,  9 as  before. 

F  s=s  41  *46  lbs.  the  friction. 


Experiment  V. 

Same  plane, — same  kind  of  carriage ;  one  loaded  carriage,  Space 
described,  1140  feet;  time,  125  seconds. 

By  theorem,  9— Friction,  44*  19  lbs. 

Experiment  VI. 

Same  plane, — an  empty  carriage,  similar  in  form  to  the  preceding, 
weighing  3472  lbs.     Space  described,  1206  feet ;  time,  124  seconds. 

By  theorem,  9— Friction,  12*73  lbs. 

During-  the  time  of  performing  the  three  last  expe- 
riments,  it  was  rather  windy,  and  the  direction  of  the 
wind  was  partly  oblique  to  the  line  of  the  road  ;  which 
would  have  the  effect  of  blowing  the  carriage  to  one 
side,  and  causing  the  flanch  of  the  wheels  to  press 
against  the  side  of  the  rail,  and  thus,  augment  the  fric- 
tion. In  the^e  experiments,  the  rails  were  in  an  excel- 
lent state,  presenting  the  least  possible  resistance  to  the 
rolling  of  the  wheels.  When  the  rails  are  quite  ^y,  or 
quite  wet,  they  present  the  least ;  and  when  partially 
wet  or  moist,  and  catching  the  dust,  the  resistance  is 
the  greatest  j  in  these  three  last  experiments,  they  were 
quite  dry. 

The  following  experiments  were  made  with  a  view  of 
ascertaining  the  friction  of  the  same  carriage  loaded 
¥dth  different  weights  ;  they  were  made  with  the 
d3rnamometer  previously  described. 


FRICTION   WITH    REGARD    TO   VELOCITY. 


367 


Experiment  VII. 


No.  of 
experts. 

Description  of  carriages. 

RflttBtance 

up 
the  plane. 

Resistance 

on 

aleyeL 

1 

Carriage  with  common  wheeLs  and  cast- 

iron  chairs,  four  inches  broad,  wheels 

34  inchto  diameter,  axles  2}  inches 

diameter,  weight  of  the  body  of  the 

% 

carriage  resting  upon  the  axle  12  cwt.. 

and  weight  of  the  wheels  and  axle 

1 1  cwt.,  loaded  with  20  cwt.  of  iron. 

upon  the  same  plane  as  Experiment  I. 

36 

26 

2 

Same  carnage  loaden  with  40  cwt.  of  iron 

48 

34 

3 

Ditto,  loaden  with  53  cwt  of  iron 
Immediately  after  the  above  experiments 
were  finished,  a  smart  shower  of  rain 
fell,  attended  with  a  brisk  squall  of 
wind,  during  which,  we  availed  our- 
selves of  the  opportunity  of  ascer- 

58 

40 

taining  the  variation  in  the  resistance. 

by  the  rails  being  partly  wet. 

4 

Same  carriage  loaden  with  58  cwt.  of  iron 

65 

47 

S 

Ditto    -     ditto    -      40cwt.ofiron 

52 

38 

6 

Ditto     -     ditto    -      20  cwt  of  iron 

38 

28 

§  8. — Friction  with   regard   to    Velocity.     Coal 

Waggons. 

The  following  experiments  were  made  with  the 
dynamometer,  to  ascertain  the  friction  or  resistance  of 
carriages,  moving  at  different  velocities  on  a  plane  rising 
one  in  488. 
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Experiment  VIII. 


DcKriptum  of  canuiges,  and  vdocities  at  which 

thej  moved. 

Loaded  carnage,  weighing  22^  cwt^  with  cast-iron 

bearings,  four  inches  broad,  case-hardened  wheels, 

S4  inches  diameter;  and  wrought  iron  axles  2| 

inches  diameter,   containing  53  cwt.   of  coals, 

1 

moTcd  at  a  slow  rate  of  motion 

56 

f 

134 

1-52 

2 

Moved  at  the 
< 

307 

feet  per 
minute. 

3*48 

miles  per 
hour. 

X 

S 

rate  of 

397 

451 

B6 

4 

^ 

140 

1-59 

56 

In  prosecuting  the  above  experiments^  the  carriage 
and  dynamometer  were  first  put  into  the  required 
velocity ;  and  that  velocity  was  uniformly  kept  up 
during  time  of  passing  along  the  plane.  Numerous  trials 
were  made,  to  be  certain  that  the  result  was  correct ; 
the  d3niamometer  was  pushed  along  by  several  men, 
and  the  variation  from  a  uniform  resistance  indicated  by 
the  index,  was  so  trifling,  that  no  other  record  than 
those  in  the  table  could  be  made.  This  experiment  was 
made  in  conjunction  with  Mr.  Stephenson,  in  1819. 

The  following  experiments,  though  made  for  the 
express  purpose  of  ascertaining  if  the  friction  increased 
with  the  velocity,  will  likewise  give  the  absolute  friction. 
They  were  made  upon  a  stage,  or  piece  of  railroad, 
selected  for  the  purpose.  A  perfectly  straight  plane 
of  the  edge  railroad,  with  a  uniform  and  regular  incli- 
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nation,  was  taken ;  the  declivity  of  which  was  such,  as 
would  cause  the  carriages  to  descend  with  an  accele- 
rated velocity ;  a  carriage  was  placed  upon  it,  and 
allowed  to  descend  freely,  and  the  space  it  passed  over 
in  successive  portions  of  time,  was  marked  with  the  ut- 
most accuracy,  in  the  following  manner.  Standing  upon 
one  end  of  the  carriage,  and  aided  by  an  assistant,  at 
the  end  of  every  ten  seconds,  I  made  a  mark  upon  the 
plane,  where  the  carriage  happened  to  be ;  and  after- 
wards measured  the  distance  between  those  marks, 
which  gave  the  space  passed  over,  in  each  successive 
period.  The  carriage  was  first  put  in  motion,  at  the 
top  of  the  plane,  by  a  slight  impulse,  only  sufficient  to 
overcome  its  vis  inertiae.  The  descent  of  the  plane, 
was  one  yard  in  104 ;  or  134  inches,  in  13,968 
inches. 


B  B 
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EXPEHIMENT   IX. 


No.  1. 

No.  2. 

No.  3. 

«-40elt«,  vbedi  3S 

Empty  «rr»BO-«igliing 

9-408lbi..    irb«U   35 

3-4T2  11B-,    vbMli    35 

bKbc    ulosmeba 

i,H*a,    ula    3  indio 

inches,    ula  3  iadba 

HMmtttr. 

^mma. 

dUmcMT. 

T 

1 

hi 

J 

1 

|i! 

1 

1' 

U' 

•1 

1 

t' 

Wt 

Is 

P=f 

1 

M 

Sec 

Ftet 

Feet. 

Sec 

Fm. 

F«t. 

Sec- 

Feel. 

Fe«. 

IB 

SS 

9-8 

14 

I 

16 

afl 

71 

15 

18 

94 

89 

46 

38 

194 

116 

95 

54-7 

50 

147 

8 

99 

48 

905 

185 

97- 

6 

991 

155 

S8 

45 

158-3 

169 

8 

54 

934 

66 

384 

371 

55 

934- S 

B4S 

9 

€4 

4BS 

78 

506 

489 

65 

314-7 

339 

74 

487 

6 

448 

68 

645 

6S3 

6 

75 

442-1 

45a 

2 

567 

98 

723 

a 

501-5 

581 

94 

677 

108 

939 

95 

G4U 

104 

891 

5 

118 

108I 

6 

1119 

105 

800-5 

5 

114 

1<M8 

6 

104 

188 

1866-5 

1318-3 

115 

965-5 

1063 

1-J05-7 

1936-4 

135 

1140-4 

1956' 5 

Friction.  4145  lb). 

Frittion.  44-lalhi. 

Frioion,  13- 75  lbs. 

It  will  be  seen  from  the  preceding  experiments^  that 
the  actual  space  passed  over  is  greater,  until  a  certain 
period  of  the  time,  than  the  calculated  space ;  which 
arose  from  the  wind  blowing  pretty  strong  in  the  same 
cUrection  of  the  line  of  the  plane,  as  that  on  which  the 
carriage  was  descending,  which  had  the  effect  of  ur^g 
it  forward  until  its  velocity  became  equal  to  that  of  the 
wind.  In  trying  the  experiment,  the  pressure  of  the 
wind  was  felt  while  descending  with  the  carriage,  until 
a  certain  period,  when  it  appeared  quite  calm,  and  this 
took  place  somewhere  about  the  end  of  the  110th  or 
130th  second,  where  we  find  the  calculated  space  agree 
with  that  actually  passed  over. 

This  might  be  expected,  as  the  calculated  space  is 
derived  from  the  descent  of  the  same  carriage,  during  a 
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calm  (see  Experiment  II.)  where  the  space  passed  over 
was  nearly  the  same,  and,  consequently,  the  effect  of  the 
air  in  retarding  the  velocity  of  the  one,  would  be  equal 
to  the  effect  of  the  wind  in  accelerating  the  other ;  and 
the  result  in  the  two  experiments  only  coincided  when 
the  velocities  became  equal,  and  when  the  velocity  of 
the  carriage,  in  the  one  case,  corresponded  with  the 
velocity  of  the  wind  in  the  other. 

Not  having  an  opportunity  of  making  the  experiment 
upon  this  piece  of  road,  during  a  calm,  I  selected  a 
short  distance  of  the  Killingworth  railway,  with  a  nearly 
uniform  descent,  and  embraced  an  opportunity  of  trying 
the  experiment  when  there  was  scarcely  any  wind,  or  at 
least  so  little,  that  it  could  have  no  sensible  effect,  either 
in  retarding  or  accelerating  the  velocity  of  the  carriage. 
The  descent  of  plane  was  not  uniformly  the  same 
throughout  the  whole  length,  but  to  ascertain  the  true 
result,  I  took  the  actual  descent  at  the  end  of  the  several 
spaces  passed  over. 

The  following  table  will  shew  the  result 

Experiment  X. 


Loaded  carruige  weighing  9100  Ibs^  wheels  34  inches^  axles  2}  inches. 

space 
actually  passed 

Calculated 

Descent  of 

Time 

Descent 

space  on  a  plane 

plane  if  the 

of  descent. 

of  plane. 

with 

indination  had 

over. 

uniform  descent. 

been  uniform. 

Seconds. 

Feet. 

Inches. 

Feet. 

Inches. 

10 

6- 

1- 

6*6 

0*7 

20 

264. 

3  5 

26*4 

2*96 

30 

59-8 

75 

59-4 

6*74 

40 

106*2 

12- 

105*6 

11*8 

50 

165* 

19- 

165- 

18*3 

60 

242-8 

36- 

237-6 

26*9 

70 

326  7 

37- 

321*4 

36*3 

80 

424-3 

46- 

422*4 

471 

90 

525 -3 

57- 

554-6 

58-4 

100 

635  5 

70- 

660* 

70*6 

Friction,  44'6 

>2  lbs. 
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The  following  Table  will  shew  the  result  of  the  fore- 
going Experiments,  on  the  firiction  of  carriages  moving 
along  an  Edge  Railroad. 

Table  I. 


^ 

fi 

i 

Hi 

1 

1 

1 

E.p.  I. 

No.  1 

85W 

7280 

39 

ih 

10 

S3 

miio    - 

No.  7 

2604 

1344 

12 

s      rf. 

10 

77 

Ditto     • 

No-B 

2604 

1344 

13 

S       rfr 

11 

61 

DiHo      - 

Eip.VII. 

No.1 

4816 

35S4 

26 

Th 

12 

10 

Ditto     - 

No.  9 

7056 

5824 

34 

rfr 

10 

83 

Ditto      - 
Dido     - 

Eip.VlII 

No.  3 

«4S6 

72R0 
72S1 

40 

rh 

10 

51 
33 

By  inclined  plane. 

Eip.II. 

9408 

809C 

.19 

35    aia 

9 

37 

Kito      - 

Eip.  HI. 

9408 

8096 

39 

35    rii 

9 

37 

10 

Ditto      - 

Eip.  IV. 

94()8 

S096 

41 

46    ih 

9 

91 

11 

Ditto      - 

E.,.V. 

9408 

8096 

14 

19     rf. 

10 

56 

la 

DHto     . 

E»p.  VI. 

iS473 

2160 

13 

'3     rf. 

8 

S3 

IS 

Ditto      - 

Eip.  IX. 

No.  1 

9408 

8096 

41 

45     gtt 

9 

91 

14 

Ditto     - 

No.  a 

9408 

8096 

44 

"     ri. 

56 

15 

Ditto      ■ 

No.  3 

34TS 

3160 

IS 

"     l)l 

8 

99 

i« 

Ditto      - 

E.p.  X. 

9100 

7840 

39 

ih 

9-41   1 

By  the  above  Table,  it  will  be  seen,  that  the  least 
amount  of  renstance,  is  equal  to  the  SySod  part  of  the 
weight  of  the  carriage,  and  the  greatest  equal  to  the 
185th ;  the  average  being  the  223rd  part  of  the  weight, 
or  about  ten  lbs.  to  the  ton. 
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§  4. — Friction  of  Carriages^  with  outside  Bearings. 

These  experiments  were  made  upon  carriages,  with 
bearings  inside  of  the  wheels  (see  Fig.  1,  Plate  VII.) ; 
and,  consequently,  the  diameter  of  the  bearings  large, 
as  compared  with  the  diameter  of  the  wheels,  being 
about  a  twelfth  part.  We  shall  now  give  some  experi- 
ments, made  upon  different  descriptions  of  carriages, 
which  we  have  been  favoured  with,  by  the  liberality  of 
the  Directors  of  the  Liverpool  and  Manchester  Railway. 
Many  plans  of  carriages  had  been  submitted  to  them 
for  adoption  on  that  railway,  and  the  following  experi- 
ments were  made,  by  Messrs.  Hartley  and  Rastrick,  on 
three  descriptions  of  carriages,  submitted  to  their  notice. 

These  carriages,  were  the  several  contrivances  of 
Messrs.  Winan,  Brandreth,  and  Stephenson,  and  were 
of  the  following  construction. 

Mr.  Winan's  carriage  differed  from  those  in  common 
use,  by  the  axles  being  projected  through  the  nave  of 
the  wheels,  and  made  to  run  upon  the  interior  of  the 
periphery,  or  inside  of  the  rim  of  friction  wheels.  The 
body  of  the  carriage.  No.  1,  of  the  experiments,  con- 
sisted of  a  platform,  with  four  cast-iron  wheels,  each 
twenty  inches  diameter,  which  ran  upon  the  rails; 
the  axles  of  these  projected  through  the  naves,  the  ends 
being  one  inch  and  a  half  in  diameter,  and  two  inches 
long;  and  rolled  upon  the  inside  of  the  rim  of  four 
IHction  wheels,  eight  inches  in  diameter;  which  friction 
wheels  were  supported  by  a  journal,  one  inch  in  diame- 
ter, and  one  inch  and  a  half  long.  No.  2,  did  not 
differ  from  this  in  construction,  except  that  the  tra- 
velling wheels,  were  thirty  inches  in  diameter,  and  not 
case-hardened. 
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Mr.  Brandreth's  carriage  was  also  mounted  on  fric- 
tion wheeb,  but  the  axles  of  the  travelling  wheels  in 
this,  ran  upon  the  outside  of  the  rim  of  the  friction 
wheels,  and  were  kept  upon  the  apex  thereof,  by  guides. 
The  carriage,  No.  1,  was  a  platform,  resting  on  fiwir 
case-hardened  wheels,  thirty  inches  in  diameter ;  the 
axles,  three  inches  in  diameter.  The  two  ends  of  one 
of  the  axles  rolled  upon  the  apex  of  the  rim  of  two  fHc- 
tion  wheels,  twelve  inches  in  diameter,  and  three  inches 
broad  on  the  rim ;  the  other  axle  rested  on  the  middle 
upon  one  friction  wheel,  similar  to  the  other ;  this  ar- 
rangement was  for  the  purpose  of  causing  the  four 
travelling  wheels,  always  to  preserve  their  parallelism 
with  the  rails.  These  friction-wheels  run  upon  bear- 
ings, two  inches  diameter,  and  two  inches  and  a  half 
long.  No.  2,  was  another  carriage,  of  similar  construc- 
tion, with  a  body  for  the  loading. 

Mr.  Stephenson's  carriage  was  of  the  construction 
shewn  in  Figs.  5,  6,  and  7j  Plate  VIl.^  consisting  of  a 
platform,  resting  on  four  travelling  wheels,  three  feet 
diameter,  case-hardened ;  the  axles,  as  shewn  in  the 
drawing,  passed  through  the  nave,  beyond  which  they 
were  one  inch  and  three-eighths  in  diameter,  resting 
upon  bearings  of  brass,  three  inches  and  a  quarter  in 
length,  and  supported  upon  springs. 

Knowing  that  the  friction  of  rolling  is  less  than  that 
of  attrition,  Messrs.  Brandreth,  and  Winan,  expected,  by 
the  disposition  of  a  much  greater  portion  of  the  weight 
of  the  working  parts,  into  a  rolling  motion,  than  in  the 
common  carriages,  they  would  effect  a  corresponding 
reduction  in  the  amount  of  friction. 

The  experiments  given  in  the  following  Table,  were 
made  upon  a  part  of  the  Liverpool  Railway,  wrought- 
iron  rails  two  inches  and  a  quarter  broad  on  the  top. 
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and  the  experiments  were  conducted  by  Mr.  Rastrick 
in  the  following  manner : — The  carriages  were  allowed 
to  run  down  a  descending  plane^  at  the  bottom  of 
which,  the  inclination  was  in  a  contrary  direction  ;  the 
momentum  acquired  in  traversing  the  descending  plane, 
caused  them  to  run  up  the  ascending  plane,  until  the 
friction  brought  them  to  rest.  The  difference  of  level 
between  the  two  planes,  (in  the  space  passed  over,) 
with  the  distance  and  time  of  traversing  the  two  planes, 
giving  the  amount  of  friction. 

The  annexed  Table  will  shew  the  result : 
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Table  II. 


IHt- 

Dbunaon 

Frtetion  or  the  1 

ll0Ul>l*IHl.! 

■bkhOww 

indubwaia 

IfVplVK. 

ri.C».un 

ie(M 

D-gj^th. 

Mo. 

•nrneof 
dsnni 

run. 

t»hM*,UntLt. 

t)H> 

CDCCOf 

sss: 

H^ 

^tSf 

H? 

pA. 

ttop- 

lewl, 

tltUi. 

too. 

AU  il.™  cxpori- 

pilW- 

iDbM. 

nuau  were  mode 

--ilhMi.Wiiun'. 

weight  of  i-liich 

1 

1467 

laj 

119 

75 

1166 

2633 

11-61 

sir 

9 

88 

wu  16i  cwt. 

2 

tI6 

1433 

11-33 

is 

75 

lowkdwith 

145 

50 

1865 

18-91 

10 

37 

rtM«.to4tont, 

3*230 

soJ 

US 

00 

1989 

4309 

18-Bl 

10 

10 

eicept  ciperi. 

141 

2711 

18-32 

8 

ment  No.  1, 

9-604 

24/ 

149 

50 

3957 

5561 
5S2S 

23  15 

e 

98 
44 

wilhB0«.to3i 

3-364 

32  { 

176 

00 

3877 

7241 

39-30 

lir 

9 

06 

tons. 

173  00 

4013 

7377 

29-19 

ri» 

8-86 

WiDdnfeof 

cwrwgc,  10 

■qiurefeet. 

Mr.  WiiUD-i 

c«rUge,  NO.S, 

a'il^' 

10 

3-364 

32 

193-50 

34B6 

5850 

30-43 

^ 

11-65 

=r.^'' 

11 

12. 

123"  25 

not 

2568 

11-G6 

ih 

10-31 

HODMtoKonf. 

13 

123-25 

2582 

11-65 

vit 

10-11 

Windsor 

IS 
14 

rm 

30{ 

H700 
146-00 

1914 
3085 

4134 
4345 

18-87 
18-78 

tS 

10-23 
9-92 

■qiurefeet. 

Mr.  Bnwdreth'i 

loaded  with 

8  983 

.{ 

177-50 

2175 

5157 

26-66 

iU 

11-58 

■tonea  to  4  Unu. 

16 

177-00 

3448 

26-45 

9^ 

WindKu^oT 

17 
18 

3-364 

,s{ 

185  00 
187-00 

2925 

6289 
6012 

30-18 
30-36 

lit 

10-75 
11-91 

OITJ*g>,18 

squira  feet. 

Mr.  5t<pbeiiKn-> 

~ 

1-467 

"iT" 

Tis 

25 

1744 

3314 

00 

rfT 

7 

67 

CU^UgCOD 

115 

25 

1706 

03 

vis 

7 

79 

Vrb>B..wid.3 

ai 

I4S 

00 

2437 

4647 

six 

91 

reelwb.dF,l<«d- 

38 

a- 830 

20 

50 

8418 

4GS8 

46 

3^ 

93 

tdu>4toi>i. 

«s 

140 

43 

vtr 

i 

71 

Wind  uue  of 

24 
35 

2-6J4 

84 

159 
156 

50 
00 

3007 
3008 

5611 
5612 

33 

12 

I 

83 

carriage,  13 

as 

177 

00 

7173 

36 

^ 

9 

»iuuef<et. 

37    3" 364 

32 

176-00 

3839 

7203 

29- 34 

ii» 

9-171 
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The  portion  of  railway  on  which  these  experiments 
were  made  was  swept  quite  clean,  and  kept  free  from 
any  extraneous  matter,  which  would  have  the  effect  of 
increasing  the  friction  ;  when  the  rails  are  worn  bright 
by  use,  they  are  in  a  smoother  state  than  any  artificial 
cleaning  could  make  them;  therefore,  although  the 
experiments  were  apparently  made  under  advantageous 
circumstances,  we  may,  perhaps,  take  them  as  the 
average  resistance  with  experimental  carriages.  During 
the  time  of  making  the  experiments,  the  wind  is  stated 
to  have  been  blowing  across  the  line  of  road  j  some- 
times with  a  velocity  of  three  miles  an  hour,  and  at  other 
tiiries  quite  calm. 

The  average  friction  of  Mr.  Winan's  carriage  with 
twenty  inch  wheels,  is  9 '2  lbs.  per  ton,  or  equal  to  the 
245th  part  of  the  weight ;  and  with  thirty  inch  wheels 
11*65  lbs.  per  ton,  or  the  192nd  part  of  the  weight, 
which  is  rather  extraordinary.  The  average  friction  of 
Mr.  Brandreth's  gives  10*63  lbs.  per  ton,  or  the  211th 
part  of  the  weight.  Mr.  Stephenson's  carriage  shews 
the  friction  to  be  8*75  lbs.  per  ton,  or  the  249th  part  of 
the  weight.  The  anticipated  reduction  of  resistance, 
therefore,  by  the  friction  wheels,  does  not  appear  to 
have  been  realized ;  neither  does  the  reduction  in  the 
diameter  of  the  axles  of  Mr.  Stephenson's  carriage, 
produce  that  effect  which  might  have  been  expected. 

Monsieur  Pambour  of  Paris,  made  a  series  of  expe- 
riments on  the  friction  of  carriages  upon  the  Liverpool 
and  Manchester  Railway,  which  he  published  in  Paris  j 
and  which,  as  they  were  made,  both  with  single  car- 
riages, and,  likewise,  in  trains  of  considerable  numbers^ 
are  very  important. 

He  selected  a  portion  of  the  Sutton  plane  on  that 
railway,  which  is  an  uniform  inclination  of  nearly  one 
in  100  J  at  the  bottom  of  the  plane,  the  line  is  neaily 
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level,  and  by  setting  off  the  carriages  from  a  given  point 
on  the  plane,  they  ran  down,  and  were  again  brought 
to  rest  by  their  friction  upon  the  level  part  of  the  rail- 
way. The  foUomng  are  the  gradients  of  the  road  on 
which  the  experiments  were  made  ;  stakes  were  set  up 
at  every  five  chains,  or  330  feet,  and  the  table  shews 
the  distances,  and  corresponding  descent  of  level,  from  the 
top  of  the  plane  on  which  the  experiments  were  made, 
to  the  different  stakes,  in  feet 

Table  III. 


No.  of 

Total  distance 

Total  descent 

No.  of 

Total  distance 

Total  dewent 

stakes. 

in  feet. 

in  feet. 

stakes. 

in  feet. 

in  feet. 

0 

1 

330 

3*47 

18 

5,940 

36*66 

2 

660 

7 '07 

19 

6,270 

36*80 

3 

990 

10  62 

20 

6,600 

36*92 

4 

1320 

14  "36 

21 

6,930 

37  06 

5 

1650 

18*17 

22 

7,260 

37 '14 

6 

1980 

21  77 

23 

7,590 

37*22 

7 

2310 

2553 

24 

7,920 

37'37 

8 

2640 

28*98 

25 

8,250 

87*34 

9 

2970 

32  07 

26 

8,580 

37*63 

10 

3300 

34*61 

27 

8,910 

37*92 

11 

3630 

35  06 

28 

0,240 

38*14 

12 

3960 

35*19 

29 

9,570 

38*35 

13 

4290 

35*23 

30 

9,900 

38*54 

14 

4620 

35*37 

31 

10,230 

88*67 

15 

4950 

35*71 

32 

10,560 

38*77 

16 

5280 

36*17 

33 

10,890 

38*92 

17 

5610 

36*44 

34 

11,220 

39  02 

The  mode  of  conducting  the  experiments  was,  by 
allowing  the  carriages  to  descend  by  their  gravity  from 
the  stake  No.  0,  down  the  plane,  and  along  the  level 
rfoad  at  the  bottom  until  their  friction  brought  them  to 
rest.  Having,  therefore,  the  space  described  by  the 
carriage  from  the  commencement  of  its  descent,  until  it 
assumed  a  state  of  rest,  and  the  descent  in  feet,  the 
friction  will  be  equal  to  the  sine  of  the  plane. 
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The  following  Table  will  shew  the  experiments  made, 
and  the  friction  of  the  different  carriages. 

Table  IV* 


No. 

of 

experi- 

Number 

and  description 

of  carriages. 

ToUl 

weight 

of 

Weight 

of 

each 

Distance 

traversed 

in 

Time 

of 

descent 

• 

Total 

descent 

in 

FfietuNi 

in  pott 

of  the 

Frictio] 

per  toi 

in  lbs. 

ment. 

carriages. 

carriage. 

feet. 

m 
minutes. 

feet. 

weiglit. 

tons. 

tons. 

1 

5  carriages  loaded 

Sl'31 

6-26 

9,933 

10' 

38*55 

vh 

8*6S 

2 

5  carriages  loaded 

25*58 

5*12 

9,324 

10'20' 

38*19 

vi> 

9*n 

3 

1  carriage  loaded       -     - 

4*65 

7,326 

- 

37*16 

T*T 

n*3< 

4 

1     ditto     ditto        -     - 

5*15 

6,663 

. 

36*95 

thi 

12'4S 

5 

1     ditto      ditto 

• 

5*20          7,455 

. 

37*19 

liv 

ii*n 

6 

1     ditto   empty 

•                         m 

1*85          6,204 

- 

36*78 

liv 

13*26 

7 

19  ditto    loaded 

92* 

4-84 

10^728 

11' 

38*85 

vH 

8*11 

8 

Jupiter      locomotive  1 

engine  conyoy  car-  y 
riage          -          -J 

- 

4*50 

5,967 

- 

36*66 

T*V 

13*  7( 

9 

Atlas  ditto 

5*50 

7,266 

. 

32*88 

s*r 

10*11 

10 

14  carriages  loaded    - 

eves 

4*40 

9,579 

. 

35*32 

^ 

8*2( 

11 

10    ditto      ditto    .' 

f 

4*37" 

Vesta  locomotive  en-  y 

48*72- 

► 

10,008 

1 1'  45' 

38*58 

xiv 

8*6- 

gine  convoy 

5- 

12 

24  carriages  loaded  - 1 
Atlas  locomotive  en-  p 

4*40' 

110'      - 

► 

10,668 

- 

38*82 

»H 

8*1. 

gine  convoy 

V 

5*50 

13 

17  carriages  loaded  -' 

< 

4*78" 

Fury  locomotive  en. 
gme 

94*96- 

8*20  ' 

11,262 

- 

39*10 

*fo 

7*71 

Ditto  convoy 

5*50. 

14 

20  carriages  loaded  -1 

^ 

4*865' 

Vulcan      locomotive 
engine        -         - 

110*14« 

8*34 

10,911 

12' 10* 

38*75 

^ 

7*9< 

Ditto  convoy 

I 

5-50. 

9 

15 

7  carriages  loaded    -l 

Leeds  locomotive  en-  1 
gine         -            -  r 

40*59 

7*07 

8,175 

8'30' 

37*35 

*h» 

10*  2J 

Ditto  convoy           -J 

During  the  time  of  prosecuting  these  experiments 
the  air  was  quite  calm,  and  the  rails  in  good  order^ 
though  both  it  and  the  carriages  were  taken  in  their 
ordinary  working  state.  At  the  foot  of  the  plane  there 
were  three  junctions  of  lines  of  road,  and  the  carriages 
had,  consequently,  to  pass  through  the  crossings,  which 
would    increase    the  resistance.     The  mean    velocity 
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would  be  about  twelve  miles  an  hour,  the  distance  of 
10,000  feet  being  traversed  in  about  ten  minutes. 

The  experiment  No.  2,  was  made  with  the  same 
waggons  as  No.  1,  but  with  a  less  load;  in  No.  4 
the  axles  were  hot  at  the  end  of  the  experiment,  shew- 
ing a  want  of  oil.  All  the  carriages  used  in  the  expe- 
riments were  with  springs. 

The  following  experiments  were  made  upon  the 
Stockton  and  Darlington  Railway,  upon  waggons,  with 
bearings  inside  of  the  wheels,  and  without  springs. 
They  were  made  in  nearly  similar  circumstances  to 
those  on  the  Livei'pool  and  Manchester  Railway,  by 
being  allowed  to  descend  an  inclined  plane,  and  to  run 
along  a  level  plane  at  the  bottom  until  they  came  to 
rest.  They  were  the  common  coal  waggons ;  wheels 
three  feet  diameter,  axles  three  inches  diameter  ;  weight 
when  empty  1*30  tons,  and  when  loaded  four  tons. 

Table  V. 


No. 

No.  of 

of 
experi- 
ment. 

waggons 

in  each 

train. 

1 

12 

2 

4 

3 

16 

4 

8 

Distance 

traversed 

in  feet. 


Total 
descent 
in  feet. 


9,552 

9,600 

10,500 

9;894. 


34 '56 
34  60 
35*04 
34*82 


Friction 

in  parts 

of  the 

weight. 

Friction 
per  ton 
in  lbs. 

3  J  B 

8*11 

1 

8  07 

"5  OTT 

7 '48 

1 

7*8 

During  the  time  of  performing  these  experiments, 
the  wind  was  blowing  in  the  direction  of  the  motion,  at 
as  great  a  velocity  as  that  of  the  mean  velocity  of  the 
waggons ;  all  the  waggons  were  in  good  order,  espe- 
cially those  in  experiments  3  and  4. 
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The  preceding  experiments,  made  on  tlie  Liverpool 
and  Manchester  Railway,  were,  with  carriages  having 
bearings  on  the  outside  of  the  wheels ;  the  ratio  of  the 
diameter  of  the  axles  to  that  of  the  wheels  being,  as 
1 :  20.  In  the  experiments  detailed  in  Table  I.  with 
carriages  having  bearings  inside  of  the  wheels,  the  ratio 
is  about  1  :  12.  If,  therefore,  the  friction  was  dimin- 
ished, in  the  ratio  of  the  diameter  of  the  axles,  to  that 
of  the  wheels,  we  should  have  had  the  resistance  of  that 
part  of  the  weight  of  the  carriage,  resting  on  the  axle, 
diminished  in  the  ratio  of  20: 12,  in  the  two  sets  of 
experiments.  The  average  resistance  of  the  carriages  in 
Table  I.  is  the  223rd ;  of  Mr.  Stephenson's  carriage,  the 
249th ;  of  the  single  carriages  of  Mr.  Pambour,  (viz.,  ex- 
periments 3,  5,  and  9,)  the  206th ;  and  of  the  carriages 
in  trains,  the  262nd ;  and  of  the  Stockton  and  Darling- 
ton, the  284th  part  of  the  weight. 

"These  results  being  so  very  different  from  the  re- 
ceived opinions  on  the  subject,  it  became  extremely 
desirable  that  it  should  be  ascertained  whence  it  arose ; 
whether,  from  any  peculiar  law  of  resistance  of  rolling 
friction,  or  of  the  action  of  the  wheels  upon  the  rails  j 
or  if  it  was  occasioned  by  any  variation  of  friction,  by 
different  weights  upon  the  axles ;  or  if  the  area  of  bear- 
ing on  the  axles,  in  any  respect  caused  a  variation  in 
the  amount  of  friction. 

These  desiderata  are  the  more  necessary,  inasmuch 
as,  unless  we  know  both  the  actual  and  relative  amount 
of  friction,  arising  from  these  different  sources,  we  can- 
not calculate,  "  a  priori,"  the  resistance  of  any  carriage, 
loaded  with  different  weights,  or  having  different  areas 
of  bearing.  Impressed  with  the  importance  of  deter- 
mining these  correctly,  and,  before  being  in  possession 
of  Mr.  Pambour's  experiments,  I  commenced,  in  1830, 
a  set  of  experiments,  comprehending, 
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1.  The  resistance  of  the  wheels  alone,  or  the  rolling 
friction. 

2.  The  comparative  resistance  of  the  axles,  with 
(Merent  insistent  weights. 

3.  The  friction  of  attrition  alone,  and  resistance  upon 
axles  of  diiSerent  areas  of  bearing,  and  with  the 
insistent  weights,  varied  as  much  as  possible. 

To  ascertain  the  resistance  of  the  wheels  upon  the 
rails,  I  took  two  wheels,  connected  together  by  an  axle, 
in  the  usual  way,  and  loading  these  wheels  with  differ- 
ent weights,  caused  them  to  descend  an  inclined  plane, 
perfectly  straight)  and,  by  observing  the  time  of 
descent,  ascertained  the  friction  in  the  same  manner, 
as  practised  formerly,  in  the  experiments  on  the  resist- 
ance of  carriages. 

By  experimenting  upon  a  carriage,  and  loading  it 
with  different  weights,  and  thus  varying  the  ratio  of 
the  action  of  each  kind  of  friction,  we  might  make  a 
near  approximation  to  the  amount  of  each  separately ; 
but  I  preferred  the  more  simple  mode  of  making  the 
experiments  on  the  wheels,  and  axle,  alone,  and  thus 
to  ascertain  the  resistance  of  rolling  friction,  independ- 
ently of  the  resistance  of  attrition. 

The  pkine,  on  which  the  experiments  were  made, 
was  laid  with  rails  of  cast-iron,  with  half-lap  joints, 
bearing  surface,  two  inches  and  a  half  broad,  and  were 
in  the  best  possible  order ;  the  plane  was  quite  straight, 
so  that  the  flanch  of  the  wheel  did  not  rub  against  the 
rail.  The  time  was  observed  at  each  100  feet,  and  the 
following  was  the  inclination  from  the  top : — 

Length.  Descent. 

Feet.  Feet. 

100 .9958 

200 2.027 

300  - 3.0646 

400  .         -         -         ...        -  3.9853 

500 4.9228 
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Experiment  XI. 


Weight  of  wheels  and  axle 

-       595  lbs. 

Case  hardened,    diameter,    34*5  inches,    nearly. 

By  experiment  s  o  = 

26*49    inches; 

and  so  = 

17-248  inches. 

By  formula  (6)  F  =  |®  sin.  I  —  JL 

Length  of 

plane  in 

feet. 

Time  of 

descent  in 

seconds. 

Friction 

in  parts  of  the 

weight. 

Terminal 

Telocity,  in  feet, 

per  second. 

100 

342 

•001181 

5'85 

200 

48 '8 

•001377 

820 

300 

59  6 

•001400 

10*06 

400 

70-2 

•001441 

11'38 

500 

79'1 

•001441 

12-51 

Experiment  XII. 


Weight  of  wheels  and  axle,  656  lbs. 

Case-hardened,  diameter,  34*5  iifbhes, 

nearly. 

By  experiment,  s  o  =  26*51    inch. 

s  G  =  17-248  do. 

By  formula  (6)  F  =  |^  sin.  I  —  ^^ 

Length  of 

plane  in 

feet. 

Time  of 

descent  in 

seconds. 

Friction 

in  parts  of  the 

weight. 

Terminal 

▼elocity,  in  feet, 

per  second. 

100 

34*14 

*001157 

5*85 

200 

45*24 

* 001350 

8*29 

300 

6009 

* 001479 

10* 

400 

70*59 

•001490 

11*33 

500 

8009 

*001559 

12*48 
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Experiment  XIII. 


Experiment  XIV. 


Weight     of    wheels    and    axle, 

2059  lbs. 
Same  wheels  as  Experiment  XII. 
By  experiment,  s  oss  22*447  inch. 

8  0=17-248  inch. 

Weight    of   wheels   and 

axle,  2072  lbs. 
Same  wheels  as  Expt  XII. 
By  expt.  8  o  =  26-70  in. 
8  0=17-248  in. 

Length 
of  plane 
in  feet. 

Time  of 

descent  in 

seconds. 

Friction  in 

parts  of  the 

weight 

Tenninal 

Telocity  in 

feet  per 

second. 

Time  of 

descent  in 

seconds. 

Friction  in 

parts  of  the 

weight. 

Terminal 

velocity  in 

feet  per 

seconds. 

100 
200 
300 
400 
500 

31  2 
43^6 
53  2 
621 
69^2 

•001278 
•001255 
•001258 
•001201 
•001183 

6*25 

8-94 

11-27 

12-87 

14^45 

363 
49*4 

57-7 
68^4 
76-4 

•001129 
•001015 
001075 
•000985 
•001000 

5^50 

8^09 

1030 

11  70 

1302 

Experiment  XV. 


Weight  of  wheels  and  axle        -        4480  lbs. 

Same  Wheels  as  Exp.  XII. 
By  experiment    -  s  o  =  26  •  10  inches. 

s  0  =  17*248  ditto. 


Length 

of  plane  in 

feet. 


Time  of 

deacent  in 

seconds. 


500 


76  04 


Friction  in  parts 
of  the  weight. 


Terminal  velocity 

in  feet 

per  second. 


•001130 


13^15  or 
9  miles  per  hour. 
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Experiment  XII.  was  made  with  two  wheels,  and  an 
axletree,  taken  from  underneath  an  experimental  car- 
riage ;  and  the  wheels,  experiment  XL,  from  one  of  the 
common  coal  waggons.  In  experiment  XIII.,  the 
wheels  were  loaded  by  waggon  axles,  put  across  be- 
tween the  two  wheels,  and  firmly  fixed  as  near  the 
axle,  or  centre  of  gravity,  as  possible ;  and,  in  experi-* 
ment  XIV.,  the  same  axles  were  put  across,  in  the 
same  manner ;  but  placed  as  near  the  periphery  as  pos- 
sible. In  experiment  XV.,  the  spaces  between  the 
spokes  of  the  wheel,  were  run  full  of  lead,  and  made  to 
weigh  precisely  two  tons.  The  centre  of  oscillation, 
so,  was  found  by  suspending  the  wheels,  in  such  a 
manner  as  to  cause  them  to  vibrate  from  a  point  in  the 
periphery,  as  a  centre. 


Whence  so 


where  ^  =  time  in  seconds,  ii,=  th^  number  of 


vibrations  in  the  time,  i  ;  and  l^  =  length  of  the  pendulum  vibrating 
seconds. 

RECAPITULATION  OF  THE  FOREGOING  EXPERIMENTS. 

Table  VI. 


Terminal  velocity 

in  feet 

per  second. 

Friction  in  parts  of  the  weight 

Weight  of 
wheel, 
595  lbs. 

Weight  of 

wheel, 

656  lbs. 

Weight  of 

wheel, 
2095  lbs. 

Weight  of 

wheel, 

2472  lbs. 

Weight  of 

wheel, 

4480  lbs. 

5'50to    6*25 

809  to    8*9* 

1000  to  11 -27 

11 -33  to  12 '87 

12-48tol4f-45 

•001181 

•001377 

001400 

001440 

•001441 

•001157 

•001350 

001479 

001490 

'001559 

•001278 
•001255 
001258 
•001201 
•001183 

•001129 
001015 
•001075 
•000985 
•001000 

•001130 

c  c 
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The  result  of  these  experiments  shew,  that  the  re- 
sistance  of  the  wheels,  rolling  upon  the  rails,  varies  in 
Kght  weights,  from  the  640th,  to  the  864th  part  of 
the  weight;  this  is,  however,  with  weights  less  than 
the  pressure  of  ahnost  any  wheel  carriage  on  a  railroad* 
and,  therefore,  we  cannot  take  this  as  the  resistance 
generally.  More  heavily  loaded,  the  resistance  varies 
from  the  800th,  to  the  lOOOtli  part  of  tlie  weight. 
When,  however,  we  consider  that,  in  making  these 
experiments,  there  was  nothing  to  confine  the  wheels 
to  move  in  a  straight  line,  except  that  their  periphery, 
was  formed  a  Httle  conical ;  and  that  the  least  differ- 
ence in  the  diameter  of  either  erf*  them,  would  destroy 
their  parallelism  with  the  line  of  the  road,  and  throw 
the  flanches  against  the  rails  ;  or,  if  any  of  the  joints  of 
the  rails  were  not  quite  smooth,  this  would  produce  a 
jolt,  which  would  check  the  wheel  thus  acted  upon, 
and  throw  the  flanch  against  the  rails.  While,  on  the 
contrary,  when  a  carriage  is  placed  upon  wheels,  any 
side  blow,  acting,  to  throw  the  wheels  out  of  the  proper 
line  of  motion,  is  counteracted  by  the  friction  of  the 
axle }  and  also,  by  the  body  of  the  carriage  keeping  the 
wheels  in  the  proper  position,  and  effectually  prevent- 
ing them  from  being  diverted  into  an  oblique  line  of 
motion.  And,  although,  whilst  conducting  these  ex- 
periments, all  those  defects  were  guarded  against,  and 
it  was  observed,  that  the  wheels  generally  kept  the  line 
of  direction  very  steadily  ;  yet,  perhaps,  all  these  con- 
siderations may  induce  us  to  take  the  least  resistance, 
deduced  frt)m  these  experiments,  as  that  most  likely  to 
exist  on  a  well  formed  railway.  This  will  make  the 
resistance  of  the  rolling  of  the  wheels  equal  to  the 
lOOOth  part  of  the  weight. 

We  find,  from  these  experiments,  likewise,  that  this 
is  not  increased  by  an  increase  of  the  weight  ^  and  that 
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it  is  nearly  the  same,  in  velocities,  varying  from  5-50 
to  14.*4s5  feet  per  second;  we,  therefore,  conclude,  from 
these  experiments,  that  tlie  resistance,  by  the  rolling  of 
the  wheels,  is  an  uniformly  retarding  force,  both  with 
respect  to  velocity  and  weight. 

Taking  the  resistance  of  the  wheels,  as  equal  to  the 
1000th  part  of  the  weight,  and  knowing  the  whole 
amount  of  friction,  we  obtain  that  of  the  attrition  of  the 
axles ;  applying  tliis  to  the  experiments  previously  de- 
tailed, we  have  the  following  result. 


Table  VII. 


•a 

it 

if 

H- 

■5     ^ 

■m 

2  . 
■II 

" 

8540 

7280 

39  ■ 

8*S4 

3046 

,1. 

12-36 

19- 

2 

260* 

134+ 

12-5 

260 

990 

Th 

12*36 

ir 

3 

2604. 

13+4 

13-5 

2-60 

10  "90 

tIt 

12-36 

10- 

* 

4816 

358+ 

26- 

4-81 

21- 19 

t4t 

12-36 

13-6 

5 

7056 

5824 

3+- 

7-05 

2695 

TT8 

12-36 

17-4 

6 

8512 

7280 

40- 

8-51 

31+9 

-.St 

12-36 

19- 

7 

8456 

7224 

39- 

8-45 

30-55 

,ir 

1 2- 36 

19- 

8 

9108 

8096 

39  35 

9'40 

29 -95 

ITO 

116 

23-2 

9 

9408 

8096 

+r46 

9'40 

32  "06 

Tl* 

11-6 

21-7 

10 

9408 

8096 

+4-19 

9'+0 

34-79 

.T, 

11-6 

20- 

11 

3+72 

2160 

12-73 

3  ■47 

926 

•  !i 

11-0 

20- 

12 

9100 

7840 

39- 

9-10 

29-90 

,K 

12-36 

21-2 
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We  thus  find,  that,  in  the  above  experiments,  the 
resistance,  by  the  attrition  of  the  axles,  amounts,  in  the 
most  favourable  case,  to  the  23rd  part  of  the  insistent 
weight ;  or,  taking  the  Nos.  1— -6,  and  the  following 
experiments,  equal  to  the  twentieth  part  of  the  weight ; 
while,  in  some  of  the  experiments,  on  the  empty  car- 
riages, the  friction  appears  much  greater  ;  from  whence 
we  would  be  inclined  to  conclude,  that  the  resistance  is 
diminished  by  an  increase  of  pressure,  and  this  amount  is 
so  much  greater,  than  the  general  opinion  of  the  amount 
of  friction,  as  to  render  further  inquiry  necessary. 

In  the  experimental  carriage  of  Mr.  Stephenson,  and 
in  the  experiments  of  M.  Pambour,  the  disagreement 
from  theory  is  still  more  strikingly  illustrated  ;  in  the 
fi^rmer,  the  ratio  of  diameter  of  axle,  to  diameter  of 
wheel,  is  as  1 :  26,  and,  in  the  latter,  as  1  :  20.  Taking 
the  resistance  of  the  wheels,  equal  to  the  1000th  part  of 
the  weight,  the  friction  of  attrition  in  Mr.  Stephenson's 
carriage  amounts  to  the  eleventh  part  of  the  weight ; 
and,  in  the  single  carriages  of  M.  Pambour,  equal  to  the 
tenth  part  of  the  insistent  weight ;  which  shews  that, 
i^lthough  the  aggregate  resistance  is  less,  yet  little  benefit 
is  derived  from  the  diminished  diameter  of  the  axle. 

There  is  no  subject  in  science,  perhaps,  on  which 
there  is  a  greater  diversity  of  opinion,  than  in  the  laws 
which  govern  friction  j  and  the  previous  experiments, 
though,  perhaps,  sufficient  in  many  cases  for  practical 
purposes,  yet  by  no  means  tend  to  bring  the  inquiry 
into  any  more  settled  state.  In  Nos.  1  and  6,  and  the 
Allowing  experiments,  the  ratio  only  varies  (except  in 
one  instance)  from  the  nineteenth  to  the  twenty-first 
part  of  the  weight ;  and  as,  perhaps,  in  the  other  ex- 
periments, the  resistance  of  the  wheels, — the  state  of 
the  axles, — the  construction  of  the  carriages, — or  some 
other  adventitious  cause, — ^may  have  operated  to  in- 
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crease  the  friction,  so  as  to  induce  us  to  leave  these 
experiments  out  of  the  question,  and  take  the  former 
as  the  more  correct  amount ;  still  this  amount,  and 
especially  that  resulting  from  the  other  experiments, 
is  so  much  greater  than  shewn  by  former  experi- 
mentalists, as  to  render  further  enquiry  necessary. 

In  some  experiments,  by  Mr.  Southern,  in  1801, 
communicated  to  the  Royal  Society,  and  printed  in  the 
sixty.fifth  volume  of  their  transactions,  the  friction  of 
the  axles  of  a  grind-stone,  weighing  3700lbs.,  amounted 
to  less  than  the  fortieth  part  of  its  weight ;  now,  there 
does  not  appear  any  reason  why,  in  well-constructed 
carriages,  the  resistance  on  the  axles  should  be  greater 
than  in  other  machinery  ;  and,  therefore,  we  are  obliged 
to  conclude,  either  that  the  resistance  of  the  wheels  must 
be  greater  than  we  have  assigned ;  or  that  there  were  some 
defects  in  the  construction,  either  of  the  carriage,  or  axles. 

§  5. — Determination  of  Friction  of  Attrition. 

Under  these  circumstances,  and  considering  the  im- 
portance of  obtaining  the  most  correct  information  on 
the  subject,  I  undertook  a  series  of  experiments,  to 
determine  the  friction  of  attrition  ;  I  had  an  experi- 
mental carriage  made,  and  fitted  up  with  the  utmost  care; 
the  axles  and  bearings  of  which  were  of  the  best  mate- 
rial, and  were  kept  in  use  a  considerable  time  before  the 
experiments  were  made,  to  render  them  as  smooth  as  pos- 
sible. The  same  wheels  were  used  as  in  experiment  XII., 
and  the  experiments  were  also  made  upon  the  same 
piece  of  railroad.  Bearings  of  brass  and  cast-iron  were 
both  used,  to  ascertain  which  gave  the  least  friction  ; 
and  the  carriage  was  loaded  with  different  weights,  to 
ascertain  the  relative  resistance.  The  experiments  were 
conducted  with  the  utmost  care,  and  repeated  several 
times,  to  obtain  correct  results. 

c  c  3 
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From  these  experiments,  we  find  that  in  a  well  fitted 

up  carriage,  the  whole  resistance  may  be  reduced  to 

nearly  the  500th  part  of  the  weight ;  and  that,  taking  the 

resistance  of  the  wheels  upon  the  rails,  as  equal  to  the 

1000th  part  of  the  weight,  the  friction  of  attrition  at  the 

axles  amounts  to  no  more  than  the  sixtieth  part  of  the 

weight,  when  tlie  velocity  of  the  surfaces  in  contact  is 

equal  to  the  progressive  motion  of  the  carriage.     For  in 

the  first  column  of  Table  V.  we  have  the  total  resistance 

equal  to  the  4,52d  part  of  the  weight,  or  with  a  weight 

of  10,272  lbs.,  equal  to  22*78  lbs. ;  the  rolling  resistance 

of  the  wheels  is  supposed  to  be  equal  to  the  1000th 

part  of  the  weight,  or  10*72  lbs.,  which  leaves  12*5  lbs. 

for  the  friction  of  the  axles  equal  to  the  7l6th  part  of  the 

insistent  weight.     But  the  diameter  of  the  axle  is  to  the 

diameter  of  the  wheel  as  2*9  to  34-497>  and,  therefore, 

2*9 
7IG  +  Q.  .Q^=60th  part  of  the  insistent  weight,  when 

the  velocity  of  the  rubbing  surface,  and  that  of  the  pro- 
gressive motion  of  the  centre  of  gravity  rf  the  carriage 
is  equal. 

Wc  have  tbcn>  according  to  these  experiments,  the  power  required 
to  drag  such  a  carriage  along  a  railroad  pzz  j.  +  jy^    where,  by  the 

above  experiments, /=  *001,  or  tlie  1000th  part  of  w,  the  whole 
weight  of  carriage  and  wheels;  and/'=  '01666,  &c.,  the  60th  part 
of  w',  or  the  weight  resting  on  the  axles. 

The  resistance  from  the  above  experiments,  being  so 
much  less  than  that  previously  found  by  practice,  in 
carriages  on  railroads ;  and  in  the  proportion  of  60  to 
40,  less  than  that  found  by  Southern ;  induced  me  to 
suppose  there  might  have  been  some  error,  either  in  the 
experiments,  or  calculations  ;  tliough  in  the  prosecution 
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of  them  the  utmost  care  was  taken  ;  and  the  uniformity 
of  result,  in  each  of  the  experiments,  almost  proves,  that 
no  error  could  have  been  committed.  The  degree  of 
polish  given  to  the  axles,  though  nothing  more  than 
what  was  effected  by  using  the  best  materials,  and 
causing  the  carriage  to  be  run  up  and  down  the  rail- 
road, with  the  axles  lucubrated  with  the  best  neat's 
foot  oil ;  may  account,  in  some  degree,  for  the  great 
reduction,  compared  with  that  of  the  former  experi- 
ments, and,  likewise,  that  good  neat's  foot  oil  was  used, 
and  applied  copiously  at  the  commencement  of  each  ex- 
periment ;  whereas,  in  the  experiments,  of  Table  VII., 
the  grease  commonly  used  on  the  axles  of  coal  waggons, 
was  used. 

To  put  the  question,  however,  beyond  all  doubt,  and, 
at  the  same  time,  to  ascertain  more  particularly,  all 
the  phenomena  of  the  friction  of  attrition,  I  com- 
menced another  series  of  experiments,  for  which  purpose 
an  axle  was  fitted  up,  which  was  loaded  with  different 
weights,  and  which  was  placed  upon  two  chairs,  or 
bearings  ;  by  which  the  rubbing  friction  alone  could  be 
ascertained,  independent  of  that  of  rolling. 

In  conducting  the  previous  experiments,  on  the 
descent  of  carriages,  on  inclined  planes,  where  the  gra- 
vitating force  put  the  carriages  from  a  state  of  rest  into 
motion,  I  found  very  great  difficulty  in  obtaining 
uniform  results  ;  as  in  starting  the  carriages,,  the  trifling 
interval  of  half  a  second,  considerably  affected  the  result. 
I  was  therefore  obliged  to  take  the  time,  at  different 
distances  from  the  top,  after  the  carriage  was  in  motion, 
and  calculating  tlierefrom,  the  time  occupied  in  start- 
ing the  carriage,  to  compare  with,  and  correct  tlie 
observed  time,  before  I  could  depend  upon  the  accuracy 
of  the  experiment. 


^{ 
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In  pursuing  the  experiments  on  the  single  axle,  I 
adopted  the  contrary  mode.  I  first  of  all  put  the  axle 
loaded  with  weights,  into  rapid  motion,  and  ascertaining 
the  time  occupied,  until  it  assumed  a  state  of  rest;  I 
thus  obtained  more  accurate  results,  than  it  was  possible 
to  do  by  pursuing  the  contrary  method.  To  effect  this, 
the  axle  was  placed  upon  two  bearings,  at  such  a  height 
from  the  ground,  as  would  allow  a  weight  to  descend 
thirty  feet ;  a  wheel  was  fixed  in  the  middle  of  the 
axle,  two  feet  diameter,  around  which  a  cord  was  wound, 
to  the  end  of  which  a  weight  was  attached  ;  and  rings 
of  lead  were  fastened  upon  the  axle,  to  vary  the  weight. 
In  each  experiment,  the  cord  was  wound  around  the 
wheel,  and  the  weight  was  thus  elevated  precisely  thirty 
from  the  platform ;  by  withdrawing  a  pin,  the  weight  was 
then  let  free,  and,  Mling  thirty  feet,  unwound  the  cord, 
and  put  the  axle  and  lead  weights  into  rapid  motion ; 
the  cord  then  detached  itself,  and  left  the  axle  to  turn 
freely  round,  until  the  friction  of  the  axles  brought  it  to 
rest  By  a  proper  apparatus,  the  time  occupied,  during 
each  ten  revolutions,  of  the  axle,  was  measured,  as 
also,  the  whole  time,  until  it  came  to  rest ;  by  which 
means,  not  only  the  absolute  amount  of  friction  was 
obtained ;  but,  also,  the  friction  at  different  velocities  y 
and,  by  varying  the  weights,  from  1331  lbs,  to  4140  lbs., 
the  relative  resistance  with  different  weights,  was  also 
ascertained.  The  principal  object,  however,  of  insti* 
tuting  this  set  of  experiments,  was  to  ascertain  if  the 
friction  varied  with  the  surface  of  bearing ;  and,  if 
there  was  any,  and  what  size  of  bearing,  subjected  to  a 
given  pressure,  produced  the  least  resistance.  With 
this  view^  bearings  of  three,  four  and  a  half,  and  six 
inches,  respectively,  were  used ;  the  diameter  of  the 
axle  in  each  case  being  three  inches ;  and,  on  each  of 
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which,  the  successive  weights  of  1331,  2465,  3622,  and 
4140  lbs.,  were  placed.  With  these  variations,  the 
number  of  experiments  made  were  more  than  600, 
and  they  were  repeated  in  every  possible  way,  to 
leave  no  doubt,  as  to  the  accuracy  of  the  result ;  the 
weight,  in  each  experiment,  falling  precisely  thirty 
feet. 

It  would  be  carrying  the  subject  too  far,  to  give 
detail  of  those  experiments,  which  were  so  numerous  ; 
though,  when  we  consider,  that  the  friction  of  attrition 
forms  so  prominent,  and,  indeed,  almost  the  sole  resist- 
ance of  carriages,  any  experiments,  tending  to  elucidate 
the  subject,  must  be  of  importance.     Having,  however, 
previously  brought  these  experiments  into  the  shape  of 
a  separate  treatise,  and  finding  them  too  voluminous  to 
embody  in  this  work,  they  will,  probably,  be  presented 
to  the  notice  of  the  reader,  in  some  way  or  other  ;  we 
shall,  therefore,  at  present,  only  give  the  result  of  those, 
which  seem  to  apply  more  particularly  to  the  subject  of 
our  inquiries,  as  regards  raUroad  carriages. 

As  before  stated,  the  weight  which  put  the  axle  in 
motion,  was  made  to  fall  in  every  experiment,  precisely 
thirty  feet  j  when  the  weight  of  axle  and  lead,  and  the 
size  of  bearing  were  not  varied,  in  every  experiment,  the 
number  of  revolutions,  by  the  same  moving  power, 
ought  to  have  been  the  same.  But  this,  I  found,  was 
not  the  case ;  the  difference,  perhaps,  was  not  of  that 
magnitude,  to  render  it  of  any  importance,  in  practice, 
but  still  there  was  a  variation  in  the  result  of  each 
experiment,  which  could  not  be  overlooked ;  and  the 
degree  of  smoothness  of  the  axle,  and  bearing,  pre- 
cluded the  idea,  that  the  variation  proceeded  from  any 
asperities  on  the  surface }  and,  if  it  did,  the  variation 
should  have  been  uniform,  and  progressive,  whereas,  it 
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was  quite  irregular;  at  last,  I  found  the  irregularity 
was  owing  to  the  quantity,  and  mode  of  applying  the 
oil ;  which,  as  it  appears  of  great  consequence,  in 
diminishing  the  friction,  I  shall  endeavour  to  explain. 

The  axle  rested  upon  the  chairs,  without  any  cap,  or 
cover,  as  here  shewn  ; 


where  a,  represents  an  end  view  of  the  axle,  and  b, 
the  chair.  At  the  commencement  of  each  experiment, 
the  axle  was  oiled  in  the  usual  way,  with  fine  neat's  foot 
oil ;  but  it  was  found,  that  unless  the  oil  was  continually 
feeding  upon  the  axle,  as  it  turned  round,  the  result 
was  never  the  same;  unless  the  oil  was  supplied  in 
such  quantities,  that  when  the  axle  turned  round  in  the 
direction  of  the  dart,  the  oil  was  heaped  up  against  the 
axle,  as  shewn  at  c,  and  thus  kept  up  a  continual 
supply  to  the  axle,  the  result  was  not  uniform.  When 
that  was  not  the  case,  although  the  axle  was  well  oiled, 
yet,  unless  the  oil  was  kept  constantly  feeding  upon  the 
axle,  as  it  turned  round,  a  maximum  effect  did  not  take 
place. 
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The  following  Table,  being  one  of  the  series  of  expe- 
riments, will  shew  the  effect  :— 


Table  X. 


• 

Weight  of  axle  and  lead,  2465  lbs.,  bearing  4*^  inches. 

Axle  well  oiled  in  the  four 

Axlo  well  oiled  in  the  following 

first  experiments. 

experiment. 

Number  of 

Vibrations  of 

Number  of 

Number  of 

Vibration  sof 

Numlicrof 

experiments. 

pendulum. 

revolutions. 

experiments. 

pendulum. 

revolutions. 

274 

505 

238 

301 

551 

265 

275 

549 

258 

Oil  removed  from  top  of 

276 

537 

253 

chair. 

277 

540 

252 

302 

454 

206 

Oil  removed  from  top  of 

303 

357 

160 

chair. 

304 

315 

140 

278 

400 

189 

305 

281 

122 

279 

332 

152 

306 

242 

113 

280 

290 

130 

307 

257 

110 

281 

264 

116 

308 

230 

98 

282 

249 

106 

309 

228 

95 

283 

244 

103 

310 

213 

92 

284 

235 

98 

311 

203 

87 

285 

226 

95 

312 

196 

84 

286 

222 

93 

313 

191 

81 

287 

206 

88 

314 

180 

76 

288 

206 

84 

315 

172 

71 

289 

199 

81 

316 

164 

67 

290 

188 

79 

317 

153 

65 

291 

181 

75 

318 

134 

58 

292 

168 

70 

319 

123 

54 

293 

158 

66 

320 

113 

58 

294 

150 

63 

321 

99 

43 

295 

131 

56 

322 

85 

38 

296 

114 

47 

323 

81 

36 

297 

108 

44 

Axle  we) 

1  oiled  in  t 

10  two 

298 

94 

39 

following  experiments. 

299 

91 

38 

324 

580 

278 

300 

89 

37 

325 

596 

270 
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In  conducting  these  experiments,  the  first  four  were 
made  with  the  axle  oiled,  so  as  to  ke^p  it  constantly 
feeding  on,  as  shewn  in  the  figure.  The  weight,  being 
drawn  up,  was  liberated,  and  faUing  thirty  feet,  the 
respective  number  of  revolutions  in  the  third  column, 
were  made  before  the  axle  came  to  a  state  of  rest ;  the 
second  column,  being  the  number  of  oscillations  of  a 
pendulum,  vibrating  300  times  in  157  seconds.  At  the 
end  of  experiment  277^  the  oil,  which  was  resting  upon 
the  bearing,  heaped  up,  as  shewn  in  the  figure,  was 
merely  removed,  as  cautiously  as  possible,  so  as  to  allow 
that  which  surrounded  the  axle,  to  remain  ;  the  weight, 
then,  was  drawn  up,  as  before,  and  falling  precisely  the 
same  distance,  the  number  of  revolutions  was,  in  that 
experiment,  189*  No  additional  oil  being  applied,  the 
weight  was  successively  drawn  up  and  liberated,  as 
before,  and  the  number  of  revolutions  in  each  experi- 
ment, before  the  axle  came  to  rest,  are  shewn  in  the 
Table ;  in  the  SOOth  experiment,  the  number  of  revo- 
lutions, by  the  same  moving  force,  was  only  thirty- 
seven,  during  the  whole  of  which  period  the  axle  was 
never  touched,  no  oil  was  applied,  or  none  rem6^ed. 
At  the  end  of  the  300th  experiment,  the  axle  was  again 
copiously  oiled,  so  as  to  feed  on  during  the  whole  of 
the  301st  experiment,  as  shewn  in  the  diagram,  when 
the  number  of  revolutions  were  265.  The  oil  was  then 
removed,  as  before,  when  the  number  regulariy  di- 
minished, until  the  323rd  experiment,  when  it  was 
again  reduced  to  thirty-six ;  and  when,  in  the  next  ex- 
periment, the  oil  was  applied  as  before,  tlie  number  was 
increased  to  278 ;  by  the  same  weight,  falling  precisely 
the  same  distance,  which,  in  the  previous  experiment, 
only  produced  thirty-six  revolutions. 

On  examining  the  Table,  it  will  be  found  that  the 
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number  of  revolutions  in  the  first  column,  after  the  oil 
was  removed  from  the  chair,  before  a  minimum  effect 
took  place,  was  1949  ;  and  as,  in  each  experiment,  five 
turns  were  made  in  winding  up  the  weight,  the  whole 
number  of  revolutions,  by  which  a  diminution  of  effect 
in  the  ratio  of  252 :  37,  was  effected,  were  2064  ;  and 
in  the  second  series,  2056  revolutions,  reduced  the  effect 
from  265  to  36. 

Applying  this  to  wheel  carriages,  and  supposing  the 
diameter  of  the  wheel  to  be  twelve  times  that  of  the 
axle ;  the  distance  traversed  in  the  above  number  of 
2056  revolutions,  would  be  about  three  miles  and  a  half. 

These  experiments  shew  the  manner  in  which  oil  or 
greasy  substances  act,  in  diminishing  the  friction  of  one 
sur&ce  rubbing  against  another ;  and  will  probably 
account  for  the  irregular  results,  given  by  difierent 
experimentalists. 

Oil,  tallow,  or  other  unguent  substances,  applied  h^* 
tween  the  surfaces  of  metals  sliding  over  each  otheiV 
diminishes  the  friction,  by  separating  the  surfaces  oi^ 
the  metals  from  each  other,  and  interposing  between 
those  surfaces,  substances,  over  the  particles  of  which, 
the  metals  slide  more  readily,  than  over  the  surfaces  of 
each  other;  in  the  same  manner  as  friction  rollers,  in- 
terposed between  two  surfaces,  diminish  the  friction, 
by  causing  the  surfaces  to  roll,  instead  of  to  slide*  From 
this  view  of  the  case,  the  surfaces  of  the  metals  should 
be  effectually  prevented  from  coming  in  contact ;  aind, 
at  the  same  time,  to  produce  the  greatest  effect,  the 
substance  interposed,  while  it  prevents  contact,  should 
be  of  such  a  nature,  as  that  the  surfaces  of  the  metala 
will  slide  over  it  with  the  least  resistance.  Those 
two  requisites,  however,  imply  two  very  contradictory 
qualities,  for  that  substance  which   most  effectually 

D  D 
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prevents  the  contact  of  the  surfaces,  is  that  which  is  the 
least  fluid  ;  while  the  substance  over  which  the  metals 
slide  with  the  least  resistance,  will  be  the  most  fluid. 
It  follows,  therefore,  that  the  unguent^  which  is  the 
mostjluidi  and  yet  of  sufficient  viscidity^  to  prevent  the 
surfaces  from  coming  actually  in  contact  with  each  other^ 
will  present  the  least  resistance.  If  we,  then,  use  an 
unguent  of  a  greater  degree  of  tenacity  than  this, 
the  friction  is  increased  by  the  additional  resistance, 
which  the  viscidity  opposes  to  the  surface  of  the  metals 
sliding  over  it ;  and,  on  the  other  hand,  if  we  use  an 
unguent  of  a  more  fluid  nature,  then  the  friction  is  in^^ 
creased  by  the  surfaces  of  the  metal  being  imperfectly 
separated;  by  which  they  partially  slide  over  each 
other,  and  partake  of  the  degree  of  resistance  which 
metals  without  unguents  present. 

A  due  consideration  of  these  circumstances,  will 
account  for  the  great  variety  of  results,  given  by  diffe- 
rent experimentalists  ;  and  shews  the  great  care  neces- 
sary in  making  experiments  on  friction,  to  obtain 
uniform  results ;  for,  in  any  two  experiments,  unless 
the  materials,  composing  the  two  surfaces,  are  precisely 
similar,  unless  the  degree  of  smoothness^  area  of  sur- 
face,  and  insistent  weight ; — likewise  the  nature,  degree 
of  fluidity,  and  regularity  of  supply  of  oil,  are  precisely 
the  same, — it  is  clear  the  result  must  be  difierent*  And 
when  we  consider  the  very  great  difficulty  of  accom* 
plishing  all  these  requisites,  even  when.  experimentiBg 
with  the  same  carriage ;  it  is  not  tg  be  wondered  at^ 
that  different  experimentalists, .  not  perhaps  atteinSiig 
to  all  these  minutiae*  should  arrive  at  very  various 
conclusions. 

We  are  thus  enabled  to  account  for  the  seeming 
anomaly  in  the  results  of  the  experiments  in  Table  VII»» 
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and  those  in  Tables  VIII.,  and  IX. ;  the  former  were 
made'  with  the  common  coal  waggons,  where,  from 
their  construction,  an  unguent  of  a  viscid  nature  was 
obliged  to  be  used,  and  which,  no  doubt,  operated  to 
increase  the  resistance;  while  those  in  Tables  VIII. 
and  IX.  were  made  with  neat's  foot  oil  copiously 
applied. 

Pursuing  these  considerations  a  little  further,  it  will 
be  seen,  that,  supposing  we  succeed  in  obtaining  an 
unguent  of  precisely  the  proper  degree  of  fluidity  to 
keep  the  surfaces  separate,  with  a  certain  area  of  bear- 
ing J  if  we  increase  the  insistent  weight  without  altering 
the  area  of  bearing  surface,  the  unguent  will  then  be 
incapable  of  preventing  contact ;  and  hence,  supposing 
the  same  unguent  constantly  used,  we  must  increase  the 
area  of  bearing  surface,  if  we  increase  the  insistent 
weight ;  or  if  the  bearing  surface  remsun  the  same,  if 
we  increase  the  insistent  weight,  we  must  use  an  un- 
guent of  a  more  viscid  nature.  This  leads  to  the  con- 
elusion,  that,  in  the  use  of  any  unguent,  there  must  be 
a  certain  size  of  bearing,  with  a  given  insistent  weight, 
to  produce  a  maximum  effect. 

Taking  the  Tables  VIII.  and  IX.  as  an  example,  we 
find  a  maximum  effect,  when  the  insistent  weight  was 
between  6720  lbs.  and  4480  lbs. ;  probably  the  mean, 
equal  to  5560  lbs. ;  the  area  of  surface  of  bearing  was 
56'54  square  inches ;  which  would  give  about  98  lbs. 
pressure  for  every  square  inch  of  surface,  when  the 
resistance  is  a  minimum. 

In  TaUe  VII.  we  find  the  greatest  insistent  weight 
per  square  inch  of  bearing  sur&ce,  is  only  IO7  lbs.»  and 
with  this  bearing  an  unguent  was  used  of  a  more  viscid 
nature,  than  in  the  experiments  of  Tables  VIII.  and 
IX.,  and  hence  the  diminution  of  effect. 
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§  6. — Friction  with  regard  to  Area  of  Bearing* 

The  following  Table,  being  the  result  of  part  of  the 
experiments  previously  alluded  to,  having  been  made 
upon  the  friction  of  axles  alone,  the  bearing  sur&ces» 
and  insistent  weights  of  which,  being  also  more  varied ; 
will  shew  the  comparative  effect  of  different  sized  bear- 
ings, with  the  finest  neat's  foot  oil. 

Table  XL 


Weight 

of  l&id 

and  axle, 

io  lbs. 

Bearing  6  inches. 

Bearing  4^  inches. 

BeanngS  inches. 

Prenureper 

square  inch 

of  bearing, 

in  lbs. 

Effect. 

Pressure  per 

square  inch 

of  bearing, 

in  lbs. 

Effect. 

Pressure  per 

square  inch 

cf  bearmg, 

in  lbs. 

Effect. 

4140 
3622 
2465 
1331 

73*82 
64*58 
43*95 
23*78 

108*96 
99*18 
97*22 
86*62 

98*42 
86*12 
58*60 
31-64 

117*10 
134*46 
148*12 
117*04 

147*64 

128  87 

87*90 

47*47 

95*88 
182*79 
183-75 
146*01 

From  the  above  experiments,  we  find  tiie  maximum 
effect  to  take  place,  when  the  insistent  weight  is  98*42, 
and  86*12,  and  at  87'90  lbs.  pressure,  per  square  inch  of 
surface,  respectively.  In  the  last  set  of  e?q)eriments, 
the  effect  had  not  attained  its  maximum  ;  as  the  pres* 
sure  was  only  47'47  lbs.  per  square  inch.  The  expe- 
riments detailed  in  Tables  VI.  and  VII.  gave  the  pres« 
sure,  98  lbs.  per  square  inch  of  surface  j  when  the  dflR^t 
was  a  maximum,  which  agrees  pretty  well  with  the  above 
experiments. 
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Supposing,  therefore,  we  take  a  mean  of  these  results, 
it  appears,  that  to  obtain  a  maximum  effect,  the  pres^ 
sure  per  square  inch  of  surface  should  be  about  90  lbs. ; 
we  find,  from  the  above  table,  that  this  should  be 
obtained  by  making  the  length  of  the  chair,  or  bearing, 
nearly  equal  to  the  diameter  of  the  axle,  and  not  by  in- 
creasing the  length  of  bearing,  for  on  inspecting  the 
table,  we  find  the  effect  when  the  pressure  is  87*90  lbs. 
per  square  inch  =  183*75 ;  while,  with  a  pressure  of 
86*12  lbs.  per  square  inch,  with  a  bearing  1^  times  its 
diameter,  the  effect  is  only  134*46 ;  and  this  is  stiU 
more  forcibly  shewn  with  the  weight  of  4140  lbs.,  where 
the  maximum  effect  is  only  117*10,  the  pressure  being 
98*42  lbs.  per  square  inch. 

These  experiments,  though  numerous,  are  not, 
perhaps,  sufficiently  varied,  to  determine  the  precise 
ratio  of  increase  of  resistance,  when  the  pressure,  per 
square  inch,  is  increased  or  diminished;  they  appear 
to  give  an  increase  of.  resistance  equal  to  sixty  or 
seventy  per  cent,  of  the  ratio  of  increase  of  the  in- 
sistent weight,  above  tlie  maximum  standard ;  and  of 
thirty  per  cent,  of  the  diminution  of  insistent  weight, 
below  that  standard.  These  proportions  will,  as  before 
remarked,  be  varied,  according  to  the  unguent  em- 
ployed, the  increase  of  resistance,  when  a  less  insistent 
weight  is  applied,  being,  as  before  stated,  caused  by  the 
tenacity,  or  rigidity,  of  the  unguent ;  if  that  is  more  or 
less  viscid,  the  increase  will  be  proportionably  more  or 
less ;  on  the  contrary,  the  increase  of  resistance,  when 
a  greater  insistent  weight  is  applied,  is  caused  by  the 
unguent  not  being  capable  of  preventing  the  contact 
of  the  metals,  and,  consequently,  a  more  or  less  viscid 
unguent  will  be  more  or  less  capable  of  effecting  that 
separation  ;  the  standard  of  maximum  effect  will,  there^ 
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ibre,  vary^  in  terms  of  the  pressure,  per  square  inch, 
and  likewise  in  the  amount 

*  This  is  veiy  satis&ctorily  illustrated,  by  some  experi- 
ments, made  by  Mr.  George  Rennie,  in  1825,  on  the 
fiiction  of  axles,  with  different  unguents ;  and  given  in 
tlie  transactions  of  the  Royal  Society,  of  which  tlie  fol* 

lowing  Table  will  shew  the  result. 

■ 

Table  XI  I. 


laslsteot 
weight 
in  lbs. 

Resbtance  in  parts  of  the  weight,  and  kind  of 
unguent  employed. 

Tallow. 

oa. 

Hogskurd. 

Soft  Soap. 

Anti- 
attrition. 

• 

56 
112 
224 
356 

448 

5m 

• 

■■•*V 

r 
■3f  - 

1 
Tf 

1 
T4 

1 
TT 

1 
TT 

1 

'i4r 

1 

TT 
1 

\  r 

I 
TBT 

1 
1 

-    -A 
I 

J  r 

1 
St 

iT 

1 

1 

The  oil  and  hogslard  shew,  that  the  maximum 
effect  took  place  with  light  insistent  weights,  gradually 
diminishing  in  effect,  or  shewing  an  increase  of  resist- 
ance, as  the  insistent  weight  was  increased  ;  while  the 
contrary  is  the  case,  with  the  more  viscid  unguents  of 
soft  soap,  and  the  anti-attrition  mixture. 

It  would  not,  perhaps,  have  been  necessary  to  have 
gone  so  much  into  length  on  this  subject,  had  not  all 
these  es;periments  proved ;  that  the  practical  result,  as 
displayed  in  the  modem  built  carriages^  is,  that  the 
friction  of  attrition  on  their  .axles  is  greater  tlian  that 
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of  Other  machinery  of  a  like  nature.  Either  the  axles 
and  bearings  are  io  proportioned,  that  with  certain  in- 
sistent weights,  a  maximum  effect  is  not  produced  j  or, 
that  the  unguent  employed  is  of  such  a  nature,  as  not 
to  prevent  the  contact  of  the  metals,  or  that  it  is  more 
viscid  than  necessary. 

When  such  large  sums  are  expended,  to  make  the 
gradients  of  the  lines  of  railway  moderate,  it  is  equally 
important  to  diminish  the  resistance  of  the  carriages,  by 
diminishing  the  friction. 

Coulumb  found  the  friction,  with  hogslard,  one- 
twenty-seventh  of  the  weight ;  Tables  VI.  and  VII.^ 
shew  it  the  sixty-second,  and  sixty-sixth  parts  j  South- 
ern, the  fortieth ;  Mr.  Rennie,  with  tallow,  the  fortieth, 
and  with  oil  the  thirty-seventh ;  the  experiments,  with 
the  common  coal  waggons,  in  Table  V.,  the  twentieth  ; 
the  experiments  on  the  Darlington  railway,  the  twenty- 
first  ;  while  the  experiments  with  Mr.  Stephenson's 
carriage,  on  the  Liverpool  and  Manchester  railway, 
shews  it  equal  to  the  eleventh  part  of  the  weight. 

In  the  two  latter  cases,  the  ratio  of  the  diameter  of 
the  axles,  to  that  of  the  wheels,  was  as  12  :  26 ;  there- 
fore, the  aggregate  resistance  is  less  in  the  latter,  than 
the  former ;  for  21  x  12=252,  and  11  x  26=286th  part  of 
the  weights. 

The  insistent  weight  in  the  former  was  about  lOOlbs. 
per  square  inch  of  bearing,  and  in  the  latter,  more  thafi 
250  lbs.  per  square  inch  ;  experiment  giving  90  lbs.  per 
square  inch,  when  the  effect  is  a  maximum. 

It  appears,  therefore,  that  the  weight  of  the  carriage, 
and  area  of  bearing  surface  on  the  axles  of  a  carriage, 
should  be  such,  as  not  to  subject  the  latter  to  a  greater 
pressure  than  90  lbs.  per  square  inch ;  and,  having 
determined  this,  it  then  becomes  a  question,  how  the 
axle  is  to  be  proportioned,  to  obtain  this  pressure. 
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The  experiinents  made  on  the  single  axle^  shew  the 
^ect  diminished,  about  fifty  per  cent,  with  the  weights, 
M65,  and  ISSl,  when  the  length  of  the  bearing  is 
doubled ;  as,  therefbrej  the  resistance  wiU  be  increased, 
in  the  direct  ratio  of  Hie  increase  of  the  dinmeter  of  the 
axle,  and  only  one  half  in  the  terms  of  the  length  ;  it 
appears  that,  in  calculating  the  size  of  the  axles,  to 
obtain  the  necessary  area  of  bearing  surface,  the  length 
should  be  equal  to  twice  its  diameter,  and  t/iat  the  area 
should  be  such  as  not  to  subject  it  to  a  greater  insistent 
weight  than,  90  lbs.  per  square  inch. 

Taking  the  result  of  the  common  coal  waggon  bear- 
ings as  a  standard,  it  would  appear,  that  in  practice, 
we  may  calculate  on  the  friction  upon  the  axles,  as  the 
twentieth  part  of  the  weight,  or  f=*05,  and  making 
/=  '001 }  we  have  the  force,  p,  necessary  to  drag  a  car- 
riage on  a  level  railway  p  =  -rr  +  -^ 

It,  however,  becomes  necessary,  in  order  to  com])]ete 
our  information,  on  this  subject,  to  know  if  tlie  friction 
does,  pr  does  not  increase  with  the  weight,  and,  Ukewise^ 
wliat  effect  velocity  has  on  the  resistance. 

The  Experiment  VII.  was  made  for  this  purpose,  by 
which  it  was  found,  that,  when  well  oiled,  the  friction 
did  not  increase  as  the  weight,  except  what  arises  from 
what  has  been  before  stated,  relative  to  the  effect  on 
the  unguent  by  the  insistent  weight  being  varied. 

Experiment  VIIL  was  made  to  ascertain  the  effect  at 
different  rates  of  speed  ;  in  this  experiment  no  sensible 
difference  was  felt,  but  the  rate  of  velocity  was  only 
varied  from  one  mile  and  a  half,  to  four  miles  and  a  half 
an  hour ;  the  experiment,  immediately  following,  shews 
likewise,  that  velocity  of  motion  does  not  affect  the 
friction,  except  what  arises  from  the  wind. 
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All   these  experiments  prove,  not  calculating  upon 
the  effect  of  the  wind, 

That  in  practice  we  may  consider  the  friction  of 
carriages  moved  along   railumys^  as  a   uni* 
form  and  constantly  retarding  force. 
That  there  is  a  certain  area  qf  bearing  surface^ 
compared  with  the  insistent  weight,  when  the 
resistance  is  a  minimum. 
That  when  the  area  of  bearing  surface  is  appor- 
tioned to  the  insistent  weighty  the  friction  is  in 
strict  ratio  to  the  weight. 
We  have  now  to  consider  the  effect  of  the  wind  on 
the  carriages,  or  train  of  carriages,  and  this  is  the  more 
necessary  as  the  rate  of  travelling  has  recently  been  so 
much  increased.     M.  Pambour's    experiments    having 
been  made  on  both  single  carriages,  and,  likewise,  on 
considerable  numbers   linked  together  in  trains;    and 
being  moreover  made  at  a  medium  velocity  of  twelve 
miles  an  hour,  (the  velocity,  at  one  period  of  the  expe- 
riment being  at  double    that    rate,)    are  particularly 
adapted  to  determine  this  question  practically. 

Being  made  under  these  circumstances,  they,  of 
course,  include  the  resistance  of  the  air  at  that  rate 
of  velocity,  taking  Nos.  8,  4,  5,  and  6,  we  find  the 
average  resistance  H '77  lbs.  per  ton,  with  single  car- 
riages ;  in  Experiment  II.,  with  five  carriages,  the  re- 
sistance per  ton  is  9*17  Ihs.,  or  234 %5  lbs.  for  the  whole 
train ;  deducting  therefrom  1 1 77  lbs.,  tlie  resistance 
of  the  first  carriage,  leaves  174*25  lbs.  for  the  resist- 
ance of  the  remaining  four,  and  which  ^ves  for  each 
of  the  carriages  8*50  lbs.  per  ton.  As  the  air  was  quite 
calm  during  the  experiments,  the  leading  carriage 
would  only  be  subjected  to  the  action  of  the  air ;  hence 
the  resistance  of  the  air  to  a  single,  or  a  leading  car* 
riage  of  a  train,  will  be  11 77— 8-50= 367 lbs.  per  ton, 
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at  an   average  rate  of  velocity   of  twelve   miles  an 
hour. 

Making  the  same  allowance  for  the  leading  carriage 
in  each  train,  M.  Pambour  gives  the  following  Table  of 
the  friction  of  the  intermediate  carriages  in  each  train  ; 
taken  from  the  several  resistances  as  determined  by  his 
experiments  previously  given. 

Table  XIII. 


Number 

of 

experiment. 

Description 
of  trains. 

Weight 

of  trains,  in 

tons. 

Mean 
weight  of 

cacli 
carriage,  in 

tons. 

Resistance 
of  first 
carriage, 

in  lbs.  per 
ton. 

Resistance 

of 

interraedialc 

carriage, 

in  lbs.  per 

ton. 

1 

5  waggons 

31 '31 

6*26 

11*77 

7*92 

2 

5  waggons 

55*58 

5*12 

11*77 

8*50 

19  waggons 

92- 

4*84 

11*77 

7*91 

10 

14  waggons 

61 '65 

4*40 

11*77 

7*99 

11 

11  carriages 

48 '72 

4*43 

11*77 

8 -33 

12 

25  carriages 

110- 

4*40 

11*77 

7*99 

13 

18  carriages 

86*76 

4*78 

13*78 

7*21 

U 

21  carriages 

101*80 

4*83 

15*22 

7*35 

15 

Total  means 

8  carriages 

33*52 

4* 

15*84 

9*04 

126  carriages 

591* 

4*78 

— 

8  03 

Taking  therefore  the  resistance  of  the  leading  car- 
riage at  11  'TV  lbs.  per  ton,  that  of  the  intermediate 
carriages,  or  a  mean  of  these  experiments,  is  8 '03  lbs. 
per  ton.  In  general  the  locomotive  engine  precedes 
the  train,  in  which  case,  if  allowance  is  made  for  the 
resistance  of  the  air  in  calculating  the  power  of  the 
engine,  the  friction  of  the  whole  of  the  carriages  of  the 
train  may  be  calculated  at  eight  pounds  per  ton. 
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As  previously  stated,  the  experiments  on  the  Liver- 
pool railway,  virere  made  with  carriages  having  springs 
to  support  their  weight ;  the  experiments  on  the  Dar- 
lington railway  were  made  on  carriages  without  springs, 
and  as  the  latter  appeared  to  have  less  friction,  such  a 
diminution  of  resistance  might  be  attributed  to  the  want 
of  springs  ;  an  experiment  was  made  on  the  Darlington 
railway  by  Mr.  Dockray,  to  ascertain  if  such  was  the 
case.  A  carriage  with  springs  was  taken  and  tried 
upon  the  same  plane,  and  the  friction  was  found  to  be 
8*35  lbs.  per  ton  ;  the  same  waggon  was  tried  with 
the  springs  wedged  up,  so  as  not  to  act,  when  the  fric- 
tion was  found  to  be  8*58  lbs.  per  ton  ;  giving  a  trifling 
result  in  favour  of  the  use  of  springs. 

§  7« — Tables  of  the  Resistance  of  Carriages^  on  different 

Oradients  on  Railroads. 

Although  the  experiments  with  trains  of  carriages 
upon  the  Liverpool  and  Manchester  railway  give 
8*03  lbs.  per  ton,  as  the  friction  of  the  intermediate 
carriages,  and  as  the  engine  precedes  the  train  of  car- 
riages, and,  therefore,  prevents  the  wind  from  acting 
upon  them,  that  has  been  taken  as  the  friction  by 
M.  Pambour ;  we  think,  however,  in  practice,  this  will 
be  found  to  be  too  favourable  a  result,  and  that  eight 
and  a  half,  or  nine  pounds  per  ton  will  be  more  likely  to 
be  found  to  be  the  real  amount  of  friction.  We  have, 
therefore,  given  two  tables,  shewing  the  amount  of  fric- 
tion upon  planes  of  different  gradients,  calculated  ait  the 
240th  part  of  the  weight,  or  about  nine  pounds  per  ton ; 
and  also  the  280th  part  of  the  weight,  or  eight  pounds 
per  ton. 
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The  following  experiments  were  made,  to  ascertain 
the  resistance  of  carriages  moved  along  the  plate  rail, 
with  the  same  dynamometer  used  in  the  experiments 
made  upon  the  Killingworth  railway. 


Table  XVI. 

The  rails  were  each  four  feet  long,  and  3  J  inches  broad,  where 
the  wheel  runs  upon  them ;  and  the  height  of  the  upright 
ledge  three  inches. 


Numbers 

Resistance 

;  Resistance 

Mean 
reostuwe. 

of 
experiments. 

Description  of  carriages. 

up 
tlie  plane. 

down 
the  plane. 

1 

Two    loaded     carriages, 
each  weighing  8512  lbs., 

cast-iron    wheels   39^ 
inches    diameter,     1§ 
inches  broad,  the  rim 
which  runs  upon  the 
rails,  brass  bearings  1| 
inches  broad,  diameter 

of  axle  2f  inches 

168 

126 

147 

2  . 

.  Six  empty  carriages,  each 
weighing  2576  lbs.,  con- 
struction same  as  pre- 

ceding      -        -        - 

187 

147 

167 

From  these  experiments,  we  find  the  resistance  of  a 
loaded  carriage,  weighing  8512  lbs.,  to  be  73'5  lbs., 
which  is  equal  to  the  ll6th  part  of  the  weight ;  and, 
comparing  this  with  No,  2.  Experiment  IV.,  which  had 
the  same  kind  of  bearing,  we  find  the  relative  resistances 
of  the  plate  to  the  edge-rail,  as  73  :  63,  which  gives  the 
most  decided  preference  to  the  latter. 
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CHAPTER  VIII. 

FRICTION  OF  ROPES  USED  BY  FIXED  ENGINES  ON 

RAILROADS. 

§  1.  Different  Experiments  on  the  Friction  of  Ropes. 

Ropes  being  generally  used,  as  a  medium  of  commu- 
nication between  the  moving  power  and  the  resistance, 
in  dragging  carriages  up  acclivities,  along  level  planes, 
or  for  lowering  them  from  one  level  to  another  upon 
railroads ;  it  is  not  only  interesting,  but,  in  the  case  of 
the  self-acting  planes,  absolutely  necessary,  that  a  proper 
estimate  of  their  friction  should  be  obtained. 

In  fixed  engines,  where  loads  are  dragged  forward 
upon  carriages  by  means  of  opes,  unless  we  can  cal- 
culate, d  priorij  the  friction  or  resistance  opposed  by 
the  use  of  such  rope,  we  are  at  a  loss  to  know  how 
much  engine-power  is  required  to  overcome  the  resist- 
ance, and  to  obtain  the  requisite  velocity ; — we  may, 
by  over-rating  its  effects,  load  the  engine  with  unne- 
cessary strength  and  power,  or,  by  under-rating,  erect 
an  engine  not  adequate  to  perform  the  desired  effect 

In  self-acting  planes,  where  gravity  is  the  moving 
power,  it  scarcely  need  be  stated,  that  tiie  strictest 
regard  should  be  observed  in  economising  its  effects  ; 
the  power  itself  is  acquired  at  no  cost ;  and,  on  that 
account,  its  action  should  be  extended  to  the  utmost 
limit  of  its  applicability. 

The  following  experiments  are  selected,  from  a  great 
many  which  we  have  been  allowed  to  make  upon  the 
different  railroads  in  the  neighbourhood  of  Newcastle- 
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upon-Tyne ;  and  are  such  as  appeared  to  us  to  be  suffi- 
cient to  shew  the  requisite  resistance,  and  from  which 
may  be  deduced  the  necessary  data  for  calculating  the 
effects  upon  other  planes. 

Experiment  I. 

Upon  the  Killingworth  railroad :  self-acting  plane 
with  a  single  sheeve,  round  which  the  rope  winds,  one 
end  of  which  is  attached  to  the  descending,  and  the 
other  to  the  ascending,  carriages  ;  length  of  the  plane, 
715  yards;  descent,  fifty-seven  feet,  six  inches.  Five 
loaded  carriages,  each  weighing  8764  lbs.,  descended  by 
their  gravitating  force,  and  drew  up  six  empty  carriages, 
each  weighing  2800  lbs.,  on  a  mean  of  several  times,  in 
200  seconds  ;  wheels,  thirty-four  inches  diameter ;  axles, 
two  inches  and  three  quarters  diameter  ;  size  of  rope,  five 
inches  circumference  ;  weight,  3884  lbs.  The  descent 
of  this  plane  is  not  regular,  being  greater  at  the  top 
than  at  the  bottom,  the  rails  being  laid,  as  shewn  in 
Fig.  1.  Plate  X.,  the  line  of  road  perfectly  straight. 
Number  of  sheeves  in  action  at  once,  seventy-three ; 
weight,  3297  lbs. ;  diameter  of  sheeve  where  rope  runs, 
eleven  inches ;  and  diameter  of  the  axles,  three  quarters 
of  an  inch ;  ratio,  1 4*65 :  1  ;  weight  of  wheel,  w  w, 
4636  lbs. ;  diameter,  ten  feet ;  and  in  diameter  of  axles, 
six  inches ;  ratio,  20  : 1. 

We  have  then 

rt* 

I 

And^  =  F'-(F+/  +  ^) 
The  graviQr  of  the  loaded  carriages  will  be 

o=w  +  w5=?!!l±J±5Zl  =  n75ii«. 

*^  2145 
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and  the  gravity  of  the  empty  carriages  will  be 

,       ^  „      2800  X  6  X  57-5 
^  =  «'  +  a^  «  = ^jjg =  460  lbs. 

Taking  the  friction  of  the  carriages  at  f  =  SSlbg.^  and  f  =: 
laibs^  w  =  7452 lbs.,  w  =  1312Ib8.,  ||  =  ?^  and  u?|§  = 

2069.  Therefore  w  +  u?  Ig  =  9611  lbs.,  d^  1488  lbs.,  and 
d'  =  1312,  consequently  a"  +  a"'  |§  =  3647  lbs.,  ft  =:  3884  lbs., 
c  =  i  w  w  =  23181bs.,  and  d  =  1648  lbs.     Therefore  11 76  — 

(9611  X  6  +  3647  x  6  -f  3884  +  2318  4-  1648)  x  2146  _ 

16^1^  X  200«  "" 

920  lbs. 

Whence  by  Theorem  13,  ?  =:  f'  —  (f  +  /  +  y)  =  920  — 
( 1 9<) + 72  X  456)  =208  lbs.  The  frictioa  of  the  rope,  sheeves, 
and  wheel,  at  top  of  plane. 

Experiment  IL  . . 

Same  plane,  and  similar  carriages ;  six  loaded  car- 
riages drew,  up  the  plane,  seven  empty  carriages,  in 
180  seconds. 

Theorem  g  =  ^^^^  x  o  x  o/v>  ^  ^^^^  j^ 


8764 

X  6  X 

57-5 

2145 

2800 

X  7  X 

57-5 

^^d        y  =         \{^;        =  ^25  lbs. 

I     ^     i^,n     (87066+24829+3884+2318+1648x2i46ri 

^  ^=1«^-^ 10^  X  180t ' 

1041  lbs. 

and  ^  =^  1041  -626  +  228  +  84  =  204  lbs.,  the  friction  of  the 
rope. 

The  above  plane,  in  practice,  requires  always  six 
loaded  carriages  descending,  to  drag  up  six  empty  car^ 
riagest.  In  fine  weather,  and  when  the  rails  are  in 
^ood  order,  the  brake,  or  convoy,  is  not  required  $  but 
in  windy  weather,  or  when  the  rails  are  not  in  a  good 

E   E 
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State,  the  six  loaded  carriages  have  some  difficulty  in 
overcoming  the  resistance  of  the  six  empty  carriages 
and  rope.  With  six  carriages,  therefore,  this  plane 
may  be  taken  as  an  instance  of  the  least  inclination 
that  can  be  used  in  practice,  with  ropes,  sheeves, 
wheel,  &c.,  of  the  weight  stated,  to  secure  a  regular 
and  constant  conveyance,  in  all  states  of  the  weather* 
When  at  regular  work,  the  usual  time  of  descent  is 
from  three  to  four  minutes. 

Taking  the  above  number  of  loaded  carriages,  as 
necessary  to  effect  the  constant  passage,  of  the  empty 
carriages  up  the  plane, 

We  have  the  gravitating  force,  or  moving  power,  o=:14101bs.; 
and  the  friction,  or  resistance,  of  the  whole  train  being  f'  = 
1041  lbs.,  leaving  a  surplus  of  gravitating  force,  equal  to  369  lbs., 
to  effect  the  motion  of  the  whole  matter  upon  the  plane^  with 
the  requisite  velocity,  in  all  states  of  the  weather. 

Experiment  III. 

Self-acting  plane,  with  wheel,  similar  to  Fig.  1. 
Plate  IX.y  six  feet  in  diameter.  Length  of  phme  3906 
feet,  height  130  feet  four  inches.  The  descent  of 
this  plane  is  not  regular,  and  has  a  considerable  curve, 
also,  in  the  line  of  road.  Weight  of  inclined  wheel 
454  lbs.,  diameter  six  feet,  diameter  of  axle  three 
inches ;  number  of  sheeves  in  action  at  once  144, 
weight  4448  lbs. ;  circumference  of  rope  five  inches, 
weight  4807  lbs.;  ratio  of  diameter  of  ^eeves^  to 
diameter  of  axle,  14  :  1. 

Five  loaded  carriages,  si^me  as  Experiments  V.  and 
VI.,  Chap.  Vil.,  each  weighing  9408  Ibs^  ix\  de8cen4- 
ing,  drew  up  seven  empty  carriages,  sitnihu:  to  f^ 
periment  IX.  Cluip.  VI 1,^  each  weighing  347^.11^^  io^ 
800  secondst 
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Tl.eorem  o  =  ?12«iL|_ji5«i  =  ,570  lbs. 


3472X7XJ564  ^  3„  ^ 
46872 

w  =  9408  —  1312  =  8096  lbs.  and  w  |g  =  2059.      Therefore 

w  +  i£^|§  =  10155  lbs.,  a'  z=  2160  +  a''  |2  (2059)  =  4219  lbs., 

h  =  4807  lbs.,  c  =  227  lbs.,  and  c'  =  2224  lbs.      Then 

F  =  1570  — 


(10155  X 5  +4219  x 7+4807  x  227  +  2224)  x  3906  _  ,,«. 
'  16^  X  300«  ^ 

and  f  =  1334-811  +91+200  =  232  lbs.  friction  of   the 
rope,  &c 

This  plane,  when  at  regtilar  work,  is  always  employed 
with  seven  loaded,  and  seven  empty,  carriages,  which 
efiect  a  constant  action  during  all  states  of  the  wea« 
ther,  and  have  also  a  surplus  of  power,  as  the  brake, 
or  convoy,  is  always  used  upon  particular  parts  of  the 
plane. 

With  the  above  number  in  action  we  have  o  =s  2198  lbs.,  and 
F^  =  1343  lbs.,  which  is  more  than  necessary  to  efiect  the  re- 
quisite velodty. 

Experiment  IV. 

Self-acting  plane-wheel,  same  as  preceding ;  six  feet 
in  diameter,  weight  454  lbs.,  ratio  of  diameter,  to 
diameter  of  axle,  24  :  1,  length  of  plane  S672  feet, 
height  129  feet  six  inches  ;  descent  not  uniform,  with 
a  curve  in  the  middle,  forming  part  of  a  circular  arc 
Number  of  sheeves  263,  weight  9759  lbs.,  ratio  of 
diameter  of  sheeves,  t6  diameter  of  axle,  14  :  I  ;  rope 
1200  yards,  weight  4468  Ite:,  circumference  five  inches- 
live  loaded  carriages,  similar  to  the  last  experiment, 
each  weighing  9408  lbs.,  descended  ag^st  seven 
empty  carriagesi  each  wei^xing  S472  lbs.,  in  9^^ 
seconds. 

£  £  2 
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Theorem  o  =  «408  x  5  x  1554  ^  jg^g  ,^^ 

44064 

i,  =  ^ZlAZJLi^  =  857  lbs. 
^       44064 

F  =  1659  — 


(10165x5  +  4219x7  +  4468  +  227  +  4874)  x  3672  _  ^^^  jj^^ 

16tV  X  360* 

and  f  =  1501  — 857  x  200  +  91  =  353  lbs.,  the  resistance  of 
the  rope,  &c. 

The  same  number  of  carriages  usually  employed  on  this 
plane,  as  on  the  preceding,  which  leaves  a  considerable 
surplus  of  gravity,  to  effect  their  motion  upon  the  plane. 

Experiment  V. 

Self-acting  plane,  similar  to  the  two  last ;  length  2706 
feet,  height  seventy-six  feet  five  inches,  descent  nearly 
unif<miH  and  line  of  direction  quite  straight ;  weight  of 
wheel  454  lbs.,  ratio  of  wheel  and  axle  24  :  1>  number 
of  sheeves  189,  weight  4173  lbs.,  ratio  of  diameter  16 : 1, 
rope  1000  yards,  four  inches  and  a  half  circumference, 
weight  2927  lbs.,  inclined  wheel  same  as  above. 

Five  loaded  carriages  descended  the  plane,  and 
brought  up  seven  empty  carriages,  same  weight  as  pre- 
ceding, in  280  seconds. 

*   QI7 

s=:  1328  lbs. 
=  686  lbs. 


Theorem 

G 

9408 

X  5  X 

917 

m^ 

82472 

3472 

X  7  X 

917 

32472 

:13S 

(10155  X  5  +  4219  X  7  +2927  +  227  +  2086)  x  2706 

16tV  X  280* 

=  114 lb.;  and^  =1146  —  686  +  200  +  91  =  168  lbs.  the 
friction  of  the  rope,  &c 

The  number  of  carriages,  used  in  practice  upon  this 
plane,  are  seven  descending,  against  seven  ascending ; 
but  there  is  always  more  than  sufficient  preponderance. 
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Experiment  VI. 

Fixed-engine  plane,  where  a  steam-engine  of  sixty- 
horse  power  is  erected,  to  drag  the  loaded  carriages  up ; 
length  2646  feet,  height  154  feet  six  inches,  descent  not 
regular,  being  less,  near  the  top,  than  at  the  bottom ; 
line  curved  laterally  in  the  middle,  forming-  an  arc,  the 
versed  sine  of  which  is  about  forty  yards.  Rope  roll 
similar  to  a.  Pig  2.  Plate  IX.  on  which  the  engine 
winds  the  rope,  and  which,  during  the  experiment,  was 
thrown  out  of  gear,  as  shown  in  the  drawing,  the  de- 
scending carriages  unwinding  the  rope ;  weight  of 
rope-roU  with  cog  wheels  8960  lbs.,  ratio  of  djoimeiet 
to  diameter,  of  axle  10 :  1,  number  of  sheeves  l6l, 
weight  10,278  lbs.,  ratio  of  diameter  to  diameter,  of 
axle  14 :  1  ;  length  of  rope  1000  yards,  7t  inches  cer- 
cumference,  weight  6967  lbs. 

Three  empty  carriages,  each  weighing  3472  lbs., 
descended  and  dragged  the  rope  out  from  the  engine  in 
174  seconds. 

In  this  kind  of  plane,  the  rope  and  sheeves  are  only 
in  action  upon  the  plane  during  one  half  of  the  time 
of  descent,  but  that  part  of  the  rope  which  is  not 
on  the  plane,  being  upon  the  rope-roll,  the  whole  of 
its  weight  is  subject  to  friction.     The  formula  will  be 

___ _        (w  +  W7  4S  +  *  +  ^  +  T^')  X  8 

f'  =  G  +  -i^  J  sin.  I  —  ^^^ --^ 

And  «  =  f'— / 

— — —         1  R^4. 
therefore  g  =   3472  x  3  x  —-^i  =  608  lbs.,  and  +  i  sin.  i 

31752 

-3483  X  T^^S^  =203  lbs.  And  f' =  608  +  203  — 
—  "^^^    ^  31752 

(4219  X  3  -h  6967  -h  4480  -h  2569)  x  2546  _  ^^^  ^^^ 

\%^  X  174* 

wheAce  666  —  39  =  627  lbs.,  the  friction  of  the  rope,  &c« 

E  E  3 
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Experiment  VII. 

Fixed-engine  plane,  similar  to  last  experiment; 
length  2325  feet,  height  115  feet,  descent  nearly  uni- 
form, plane  quite  straight,  weight  of  rope-roll  8960  lbs., 
ratio  of  diameter  of  roll  to  diameter  of  axle  10 :  1 ; 
number  of  sheeves  134,  weight  4524  lbs.,  ratio  of  di« 
ameters  14 :  1 ;  length  of  rope  875  yards,  7t  inches 
circumference,  weight  615?  lbs. 

Four  empty  carriages,  each  weighing  3472  lbs.,  de- 
scended the  plane,  and  dragged  iJie  rope  after  them  in 
115  seconds. 

Theorem  G=:  (3472  X  4)  x -^=686  lbs.  i  J  sin.  i  =163  lbs. 


Then  f'  =  686  +  153  — 


(4219  +  4  -H  3078  +  4480  +  1131)  x2325  _  ^^^  ^^^ 

16tV  +  115« 
whence  560  —  52  =  508  lbs.,  the  friction  of  tlie  rope,  &c. 

Experiment  VIII. 

Fixed-engine  plane,  with  rope-roll  similar  to  a,  in 
the  drawing,  Fig.  2.  Plate  IX.;  length  2892  feet, 
height  57  feet  7  inches,  weight  of  rope- roll  4500  lbs., 
ratio  of  diameter  to  diameter  of  axle  10  :  1,  number  of 
sheeves  138,  weight  5288  lbs.,  ratio  of  diameter  of 
sheeve,  to  diameter  of  axle  14*65  :  1 ;  length  of  rope 
1000  yards  weight,  3696  lbs.,  circumference  5  inches. 

Eight  empty  carriages,  each  weighing  2688  lbs.,  de- 
scended the  plane,  with  the  rope  attached,  in  330 
seconds. 

Theorem o  =  (2688  x  8  x  -^  =  428 Ibs.i  i sin. i=87 lbs. 

IOtV  X  820* 
=  408  lbs.  whence  408  -^  120  =  288  lbs.,  the  resistance  of  the" 
rope. 
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The  above  engine  works  regularly  with  eight  car* 
riages  at  a  time,  and  that  number  of  empty  carriages  is 
sometimes  not  found  sufficient  to  draw  the  rope  out  from 
the  engine  when  descending  the  plane ;  the  engine  being 
erected  for  the  purpose  of  dragging  the  loaded  carriages 
up  the  plane.  In  very  windy  weather,  and  when  the  rails 
are  not  in  good  order,  they  have  been  obliged  to  have 
recourse  to  a  horse  to  assist  the  gravity  of  the  carriages 
in  dragging  the  rope  out.  This  plane  may,  therefore, 
be  taken  in  practice  as  having  scarcely  adequate  descent, 
to  secure  a  constant  passage  to  that  number  of  carriages 
down  the  plane,  and  to  drag  a  heavy  rope  after  them ; 
with  a  lighter  rope,  and  the  rails  in  good  order,  the 
above  number  of  carriages  may  be  sufficient. 

The  excess  of  gravitating  force,  above  the  friction  of 
the  traiii, 

i3  34748JCJ892  ^  ^y  j^^ 
I^tV  X  330« 

to  effect  the  descent  of  the  train  in  the  requisite  time, 
which  may  be  sufficient  in  favourable  weather,  and 
under  favourable  circumstances ;  but  is  certainly  less 
than  what  ought  to  be  allowed  for  all  variations  of 
weather,  unless  the  road,  sheeves,  &c.,  are  kept  in  the 
best  possible  order. 

Experiment  IX. 

Fixed-engine  plane,  similar  to  the  above :  length, 
3165  feet;  height,  forty-two  feet ;  weight  of  rope-roll, 
2018  lbs. ;  ratio  of  diameter  to  diameter  of  axle,  10: 1 ; 
number  of  sheeves,  124;  weight,  4216  lbs.;  ratio, 
14*65:1 ;  length  of  rope,  1200  yards ;  weight,  3527  lbs. ; 
circumference,  four  inches  and  a  half. 

Nine  empty  carriages,  each  weighing  3080  lbs.,  ran 
down  the  plane,  and  di*agged  the  rope  after  them,  in 
360  seconds, 

£  £   4 
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Theorem  G  =(3080x9)  x  :r^=  367  lbs.  4  J  sin.  i  =  23  lbs. 

(3827  X  9  +  3527  +  1009  + 1054)  x  3165 


and  F'^  367X23-  16^x360* 

=  330  lbs.,  whence  330  —  126  =  204  lbs.,  the  friction  of  the 
rope. 

When  regularly  at  work,  this  engine  drags  twelve 
loaded  carriages  up  this  plane,  and  the  rope  is  taken 
out  again  by  the  empty  carriages  descending  the  plane. 
In  bad  weather,  that  number  is  scarcely  sufficient  to 
accomplish  it,  and  a  horse  is  obliged  to  be  sometimes 
used  to  assist  the  caniages  in  overcoming  the  resistance 
of  the  ropes.  The  plane  has  not  an  uniform  descent, 
being  least  in  the  middle ;  the  line  of  direction  is  also 
a  little  curved. 

Tn.                A             ^r         '4.    '  27720x3165       .^.. 
The  preponderance  of  gravity  is—^^ =  42  lbs. 

16-|-4-x360* 

which,  in  fine  weather,  effects  the  descent  in  six 
minutes ;  but,  from  the  circumstance  of  a  horse  being 
required  to  be  sometimes  used,  it  need  scarcely  be 
stated,  that  this  preponderance  is  too  little  for  general 
utility. 
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§  2. — Result  of  Experiments  on  the  Frictum  <>f  Ropes. 

Recapitulation  of  the  preceding  Experiments  of  the 
Fricdon  aS  Ropes  on  Inclined  Planes. 
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From  these  experiments,  we  find  that  the  proportion 
of  the  friction  of  ropes  on  inclined  planes,  when  di»< 
posed  upon  sheeves  or  rollers,  amounts  to  about  one- 
third  of  the  respective  weights,  or  pressure  of  the  whole 
apparatus,  put  in  motion  by  such  rope,  supposing  the 
velocity  of  the  surface  exposed  to  the  action,  or  rubbing 
of  that  weight,  be  the  same  as  that  of  the  rope  upon 
the  pUne  j — when  the  rope  is  disposed  upon  sheeves, 
or  rollers,  the  friction  is  of  course  diminished  in  the 
proportion  which  we  diminish  the  velocity  of  the 
rubbing  parts,  compared  with  that  of  the  rope.  Thus, 
in  Experiment  XIV.,  the  ratio  of  the  friction  to 
the  weight,   is  as   1 :  3*70.      By  placing  the  weight 
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upon  rollers,  the  velocity  of  the  periphery  on  which 
the  rope  runs,  being  to  the  velocity  of  the  cir-' 
oumference  of  the  axle,  or  part  exposed  to  rubbkig,  as 
16 : 1 ;  M^  reduce  the  friction  in  that  propdrtion,  and 
make  it  equal  to  the  59*20th  part  of  the  weight,  or 
12317  :  208,  as  shown  in  columns  five  and  six  of  the 
table.  And,  in  like  maimer^  the  friction  will  always 
bear  different  proportions  to  the  weight  of  the  body, 
aocOTding  to  the  diameter  of  the  sheeves  or  rollers  on 
which  the  rope  or  the  weight  is  placed.  When  Ae 
diameter  of  the  axle  remains  the  same,  column  nine 
will  then  show  the  ratio  which  the  friction  bears  to  the 
weight,  when  it  is  not  placed  upon  sheeves ;  and  our 
reason  for  giving  the  ratio  in  this  manner,  was  to  ex* 
press  it  in  terms  not  variable  with  the  size  of  the  sheeves 
upon  which  it  might  be  j^ced,  but  in  constant  terms 
which  might  be  reduced  to  practice  when  the  size  of 
the  sheeves  was  fixed  upon.  Column  six  shews  the 
whole  weight  or  pressure  of  the  apparatus  put  in  motion 
when  the  carriages  are  descending,  and  comprehends 
the  weight  of  the  rollers,  tlie  rope  wheels,  the  rope, 
and  its  pressure  upon  the  wheel  which  it  winds  round  j 
observing,  that  in  the  fixed  engines,  only  one  half  the 
weight  of  the  sheeves  is  reckoned,  as  the  amount  of 
their  action  is  only  one  half  of  the  whole.  The  resist- 
ance of  the  rope,  it  will  be  perceived,  is  greater  in  some 
of  the  self-acting  planes  than  the  fixed-engine  planer 
which  most  probably  arises  from  the  rope  of  the  former 
having  to  bend  round  wheels  of  smaller  diameter  thanf 
the  fixed  engine  rolls  when  the  carriages  are  traversing 
the  plane ;  while,  in  the  latter,  the  rolls  are  not  only 
of  larger  diameter,  but  the  rope  is  only  uncoiled  off  the 
roller,  as  the  carriages  drag  it  out  from  the  engine* 


THEORETICAL  CONCLUSIONS.  427 

§  3. —  Theoretical  Conclusions  on  the  Friction  of  Ropes. 

The  maximum  resistance  in  self-acting  planes,  is 
nearly  the  third,  and  the  maximum  as  1  :  3*77*  In 
practice,  it  will,  however,  be  sufficiently  accurate,  and 
perhaps  more  advisable,  to  take  the  third.  In  the  fixed- 
engine  plane,  the  same  ratio  should  be  taken ;  as  the 
engine,  in  winding  the  rope  upon  the  roll,  will  be  sub- 
jected  to  the  same  amount  of  friction  that  occurs  in  the 
self-acting  plane,  from  the  bending  6f  the  rope.  In 
calculating,  however,  upon  a  descent  of  plane,  that  will 
cause  the  carriages  to  drag  the  rope  out  from  the 
engine,  we  may,  under  £ivourable  circumstances,  take 
the  ratio  at  Si  :  1.  Assuming,  therefore,  the  ratio  as 
one-third,  by  causing  the  rope  to  run  upon  rollers,  the 
periphery  of  which,  where  the  rope  is  supported,  being 
twelve  inches,  and  the  diameter  of  the  axle,  oti  which 
the  roller  runs,  one  inchj  then  the  fnction  will  be 
diminished  in  that  ratio,  and  become  only  the  thirty- 
sixth  part  of  the  weight,  and  in  the  same  proportion 
with  any  other  size  of  roller.  And,  in  general,  we  can 
calculate,  **  d  priori^^^  the  fnction  of  the  rope  upon  any 
plane,  by  taking  the  weight  of  the  whole  apparatus,' 
inclined-wheel,  sheeves,  and  rope  ;  and  the  pressure  of 
the  latter  upon  the  wheel,  in  winding  round  it,  and 
also  its  extra  pressure  by  any  curves  in  the  line  of  the 
road ;  then  the  friction  will  amount  to  one-third  of  the 
whole  of  that  weight,  if  no  rollers  are  employed.  Know- 
ing the  diminution,  by  the  size  of  sheeves  fixed  upon, 
the  actual  friction  is  found. 

Thus  let  R  =  the  weight  of  the  wheel,  or  rope  roll. 

r'  =:  that  of  the  sheeves. 

yCzh  the  weight  of  the  rope. 

p  =  the  pressure  upon  the  wheel,  or  rope  roll, 
and      r  =  the  ratio  of  difference  between  the  diameter  of 
the  axle,  and  periphery  of  rope  roll,  or  sheeves ;  diameter  of 
axle  =  1. 
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Then        f  3=  — —  for  the  self-acting  plane^ 

3'  5  r,  or  3  r 

and  e  zz  ^  J for  the  fixed  engine  with  a  sinirle 

3-5r,  or3r  ^  ^ 

rope. 

Having  thus  ascertained  the  ratio  of  the  friction  to 
the  weight)  it  will  be  evident  that  the  friction  of  ropes 
of  different  lengths  will  be  in  proportion  to  those  lengths, 
or  to  the  weight 

The  preceding  proportion,  expressing  the  resistance 
of  the  rope,  we  trust  may  be  depended  upon  as  a  datum 
of  calculation  in  genersd ;  but,  in  applying  it  to  prac- 
tice, it  must  undergo  some  limitation.  It  has  been 
ascertained,  under  favourable  circumstances,  the  planes 
were  not  prepared  for  the  purpose ;  but  taken  as  in 
actual  use,  and  as  they  had  remained  for  some  years : 
but,  during  the  experiments,  the  weather  was  &vour- 
able,  and  this  has  considerable  effect  upon  the  resist- 
ance ;  we  must,  therefore,  found  our  calculations  upon 
data,  which  will  hold  good  under  every  possible  varia- 
tion of  weather,  and  this  can  only  be  done  by  appealing 
to  practice. 

In  the  selection  of  the  planes  which  we  have  here 
given,  there  is  one  which  we  consider  just  adequate,  with 
the  number  of  carriages  usually  employed,  to  effect  a 
regular  and  constant  passage  during  all  states  of  the 
weather,  except  under  very  extraordinary  circum- 
stances indeed,  such  as  the  rails  being  covered  with 
snow.  We  shall,  therefore,  make  that  the  foundation  of 
our  data  for  estimating  tlie  effects  on  other  planes. — 
To  effect  the  descent  of  any  carriage  or  ti-ain  of  car- 
riages down  a  plane  by  the  action  of  gravity,  we  must 
give  a  certain  excess  of  preponderance  above  the  friction 
of  the  respective  parts,  to  accomplish  that  descent  in  a 
given  time ;  and  this  tinie  will  be  entirely  governed, 
and  be  in  precise  proportion  to  the  excess  of  gravi- 
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tating  force  employed,  compared  with  the  weight  of 
the  carriages. 

being  as  w :  -T^ 

The  self-acting  plane,  Experiment  I.,  Chap.  VIIF., 
is  one  which,  when  six  loaded  carriages  are  employed 
in  dragging  six  empty  carriages  up  by  the  rope  therq 
described,  we  can  safely  state,  from  a  frequent  oppor- 
tunity of  witnessing  its  action,  has  just  sufficient  pre- 
ponderancy  to  produce  the  required  effect ;  and  we  do 
not  think  it  would  be  proper  in  any  case  to  allow  less. 

The  whole  weight  there  moved,  including  tlie  inertia  of  the 
wheels,  rope,  sheeves,  &c.  will  be  86198  lbs.,  and  the  excess  of 
preponderance,  above  the  friction  and  resistance  of  the  whole 
train  o  —  g  +F-f/+  <p  will  be  equal  to  369  lbs.  nearly. 

Whence  we  have,  if  w  denote  the  inertia  of  the  whole  mass 
in  motion. 


ws 


-^=369  lbs.:  oro  — f'=  369 lbs. 


\/^^  +  ^+^')xs 


Then  by  Theorem  (11)  e  -.  o  — f'  r 

By  Experiment  I.,  Chap.  VIII.,  when  the  moving 
force,  and  resistance  were  in  a  state  of  dynamical  equi- 
librium, the  time  of  descent  was  200  seconds.  In 
practice,  as  above,  we  find  that  in  order  to  effect  the 
certain  transit  or  passage,  it  is  necessary  the  preponde- 
rance should  be  such  as  that,  under  the  most  favour-* 
able  weather,  the  descent  should  be  effected  in  I76 
seconds ;  then  the  excess  or  preponderance  of  gravi-* 
tating  power  to  be  given  in  practice  above  what  is 
required  to  merely  effect  the  descent  in  fine  weather, 
or  by  taking  the  resistance  as  shewn  in  the  table,  must 
be  in  the  ratio  of  200 :  176,  or,  in  even  numbers,  aa 
8:7. 
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CHAPTER  IX. 

THEORY  AND  APPLICATION  OF  THE  VARIOUS  KINDS 
OF  MOTIVE  POWER  EMPLOYED  ON  RAILROADS. 

This  chapter  will  comprehend  practical  illustrations^ 
as  well  as  theoretical  applications,  of  the  different 
species  of  motive  power  previously  enumerated;  de- 
duced from  the  foregoing  disquisitions,  and  from  ex- 
periments made  on  their  performances  in  actual  use 
upon  railroads. 

Retaining  the  classification  adopted  when  describing 
the  different  kinds  of  motive  power,  we  shall  divide 
them  into  the  following  order : — 

1.  Horses. 

2.  Self-acting  Planes. 

3.  Engine  Planes. 

4.  Locomotive  Engines. 

§  1. — Horses. 

The  power  of  a  horse,  or  that  part  of  his  muscular 
exertion  which,  in  travelling,  he  is  capable  of  applying 
upon  the  load,  has  been  variously  stated  by  different 
authors.  It  is  not  the  force  he  is  capable  of  exerting  at 
a  dead  pull,  or  for  a  short  period,  by  which  we  are  to 
judge  of,  or  estimate  his  strength ;  it  is  what  he  can 
exert  daily,  and  day  after  day  for  a  long  period,  without 
injury  to  his  physical  powers,  that  we  are  to  take  as  the 
criterion  for  practice. 

A  railroad  is  peculiarly  adapted  to  show  the  powex  of 
a  horse,  as  he  is  continually  employed  in  overcoming 
the  same  resistance  ;  and  the  inclination  of  the  road,  in 
general,  has  litde  effect  upon  the  power  required  to 
overcome  the  gravity  of  his  own  weight 
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on  Raikoads. 
The  following  Tables  will  shew,  on  different  railroads, 
where  horses  have  been  used  for  some  years,  the  re- 
spective resistances ;  wliich  the  inclmation  of  the  road, 
and  the  friction  of  the  carriages,  presented  to  the  action 
of  the  horse. 

Table  I. 

Table  of  the  line  of  road,  on  which  one  hone  travels  with  sue 
loaded  carriages)  each  weighing  8540  lbs.)  Blmilar  to  No.  !> 
Experiment  I.  Chapter  VII.  §  2 ;  and  returns  with  six 
empty  carriages,  each  weighing  2604  lbs.,  same  as  No.  7, 
Experiment  I.  Chapter  VIL  §  2,  Edge-nul,.  KJUingworth 
Colliery  Railroad ;  frictiop,  loaded  carriages  40  lbs.,  empty 
carriages  I4lbs. 
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On  examining  the  above  Table,  it  will  be  seen,  that 
the  average  resistance  with  the  load  is  about  60  lbs. ; 
and  in  returning  with  the  empty  carriages,  157  lbs. ;  the 
mean,  109  lbs. — The  distance,  2156  yards. 

The  horses  were  very  large  and  heavy;  they  ge- 
nerally traversed  that  distance  eight  times  a  day,  being 
in  all  about  nineteen  miles.  There  were  four  horses 
regularly  employed,  but  it  was  found  necessary  to  keep 
a  spare  horse,  to  give  the  others  alternately  a  day's  rest ; 
so  that,  in  fact,  five  horses  were  kept  to  perform  the 
constant  work  of  four  horses  effectively. 

Table  II. 

Table  of  the  performance  of  horses,  upon  the  Backworth  Col- 
liery Edge-railroad,  where  a  horse  takes  six  loaded  car- 
riages, each  weighing  9010  lbs,  down  the  plane;  and  returns 
widi  six  empty  carriages,  up  the  plane,  each  weighing 
3080  lbs. 

Friction  of  each  loaded  carriage  42  lbs.,  and  of  each  empty 
carriage  15  lbs. 
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The  preceding  Table  will  shew  the  performance  of 
the  horses,  upon  a  portion  of  the  Backworth  Colliery 
railroad ;  these  horses,  like  those  employed  on  the 
Killingworth  railroad,  were  extremely  powerful,  as  may 
be  presumed.  The  average  resistance  with  the  loaded 
carriages  is  42  lbs.,  and  with  the  empty  carriages, 
189  lbs.,  ^ving  a  mean  of  115  lbs. ;  they  traversed  the 
distance  backwards  and  forwards  most  frequently  eight 
times  a  day,  making  nineteen  miles.  This  Table 
may  be  taken  as  the  maximum  performance  of  horses, 
and  will  shew  tlie  resistance  which  a  very  powerful 
horse  is  capable  of  overcoming  occasionally. 

Table  III. 

Table  of  the  performance  of  horses  upon  the  Team  Colliery 
edge  railroad,  where  a  ]iorse  travels  with  four  loaded 
carnages  down  the  plane  in  summer,  and  returns  with  tlie 
same  number  empty;  and  with  three  carriages  in  both 
directions  in  winter.  Weight  of  loaded  carriages  8540  Iba., 
friction  40  lbs,  empty  carriages  2604  lbs.,  friction  14  lbs. 
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ai3 

65 

107 

310 

G* 

120 

159 

48 

90 

500 

160 

5« 

180 

194 

10 

46 

2S 

I4« 

S 

32 

182 

55 

1 

137 

857 

42 

500 

9 

5J 

9tl 

41 

39 

159 

19 

•^ 

17 

143 

5 

61 

IS 

107 

7 

13 

6B 

9 

51 

500 

3 

17 

149 

17 

7S 

13 

107 

19 

55 
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of  plane 
in  feel. 

.3 

1. 

n 

H«Ut«. 

CD  villi 

iiur  carriages.  | 

111 

111 

hi 
III 

Ill 

hi 

n 

1 

til 

m 

m 

500 

13 

74 

B« 

S3 

78 

56 

64 

17 

69 

96 

85 

M2 

64 

50O 

H 

79 

81 

24 

60 

68 

500 

93 

ISO 

30 

73 

500 

49 

839 

12S 

96 

500 

29 

165 

SO 

IS4 

80 

500 

19 

108 

59 

81 

66 

400 

92 

90 

30 

27 

69 

600 

971 

90 

500 

3* 

I9S 

115 

145 

S7 

■450 

20 

~ 

136 

34 

as 

94 

95 

25 

The  horses  employed  upon  the  above  railroad  were 
not  so  strong  and  heavy  as  those  upon  the  roads  shewn 
in  Tables  I.  ^id  II.  The  average  resistance  with  the 
loaded  carriages  is  about  70  lbs.,  and  with  the  empty 
nearly  100  lbs.,  making  a  mean  of  85  lbs.  The  distance 
traversed  is  four  times  every  day,  which  is  nearly  twenty 
miles.  In  winter,  (for  about  five  months  in  the  year,) 
they  are  only  able  to  travel  with  three  carriages.  Though 
less  than  the  other  horses,  they  were  by  no  means  small 
or  light,  btit  what  may  be  termed  moderately  sized. 
The  resistance  upon  one  part  of  the  road,  with  the  load, 
amounts  to  342  lbs. ;  but,  as  the  distance  is  short,  and 
the  carriage  has  previously  acquired  considerable  ve- 
locity, before  it  arrives  at  this  part  of  the  road,  the 
momentum  will  aid  the  horse,  in  overcoming  the  re- 
sistance, for  this  short  distance. 

The  average  resistance  overcome  by  the  horses,  in 

Table  II.,  is  1 1^  lbs.,  and  in  Table  III.,  S5  lbs. ;  taking 

the  former  as  the  effect  of  the  largest  horses,  and  the 

.  latter  as  the  effect  of  smaller,  we  shall  have  the  mean 

eflbrt  oi  100  lbs.,  as  the  performance  of  moderately-sized 
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horses  upon  level  roads,   travelling    twenty  miles    a 
day. 

If  the  friction  of  carriages  be  reckoned  at  the  240th 
part  of  their  weight,  Table  I.,  then  the  weight,  which 
will  present  a  resistance  of  100  lbs.  upon  an  edge  rail- 
road, will  be  24,000  lbs. ;  as,  however,  the  resistance  of 
the  carriages,  in  winter,  would  be  greater  than  that 
shewn  in  the  Table,  we  may,  according  to  these  expe- 
riments, take  the  power  of  these  horses  as  equal  to 
112  lbs.,  the  mean  of  Tables  III.  and  IV«,  travelling  at 
the  rate  of  two,  or  two  and  a  half  miles  an  hour,  or 
twenty  miles  a  day ;  which,  on  a  level  railroad,  would 
make  the  weight  of  goods  conveyed  equal  to  twelve  tons. 

Taking,  then,  twelve  tons  moved  over  the  space  of 
twenty  miles  a  day,  as  the  performance  of  a  horse,  the 
effect  will  be  equal  to  240  tons  one  mile  ;  and,  as  this 
performance  is  effected  at  that  pace,  or  velocity,  which 
the  horse  inadvertently  falls  into  himself,  we  may  con- 
sider it  his  maximum  effect.  We  have  not,  in  the 
Tables,  given  the  speed  at  which  the  horses  travelled ; 
that  would  vary  much,  according  to  the  resistance  pre- 
sented in  the  different  parts  of  the  road;  but  the 
average  velocity  of  Table  I.  did  not  amount  to  more 
than  two  miles  an  hour  ;  and  we  are  inclined  to  think, 
from  attentively  noticing  the  speed  of  the  horses  in  the 
other,  at  various  parts  of  the  road,  that  the  velocity  with 
which  they  travelled  would  not  be  more* 

The  above  was  the  conclusion  stated  in  the  second 
edition  of  this  work,  since  that  was  written,  it  has  been 
generally  supposed,  that  this  standard  of  the  effort  of 
a  horse,  was  underrating  his  power;  it  must  be  ob- 
served,  however,  that  the  performance  during  one  half 
of  the  journey,  in  each  case,  was,  for  the  more  powerful 
horses,  189  and  157  Ihs.  respectively ;  and,  for  the 
smaller  horses,  100  lbs.,  making  a  general  average  of 

FF 
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148  lbs.,  which  they  exerted  for  ten  miles  a  day ;  and, 
although,  from  the  nature  of  their  employment,  for  the 
return  journey,  they  were  only  subjected  to  a  com- 
paratively small  exertion,  yet  there  can  be  no  doubt 
that,  without  injury  to  their  physical  powers,  they  were 
capable  of  dragging  a  greater  load  than  that  to  which 
they  were  subjected.  Mr.  Fary  estimates  a  horse's 
power  at  125  lbs.  for  twenty  miles  a  day,  at  two  miles 
an  hour ;  and  we  have  previously  stated,  that  Mr.  Watts 
assigns  150  lbs.  as  the  power  of  a  horse  travelling  at 
the  rate  of  two  miles  and  a  half  an  hour.  Having, 
since  the  publication  of  the  former  edition  of  this  work, 
made  numerous  observations  on  the  power  of  horsei^ 
we  are  inclined  to  place  his  performance  a  litde  beyond 
that  formerly  assigned,  and  to  assign  it  at  125  lbs. 
moved  at  the  rate  of  two  miles  and  a  half  an  hour,  and 
for  twenty  miles  a  day,  or  2,500  lbs.  one  mile ;  and, 
reckoning  the  friction  of  carriages  at  8^  lbs.  per  ton, 
will  give  nearly  300  tons  conveyed  one  mile,  as  the  daily 
performance  of  a  horse. 

It  is  well  known  that  the  power,  which  a  horse  is 
capable  of  exerting  upon  the  load,  very  much  diminishes, 
when  he  is  pushed  to  a. rapid  rate  of  speed  ;  it  is  diffi- 
cult, however,  to  obtain  experiments  on  the  power  a 
horse  is  capable  of  exerting,  at  different  rates  of  speed. 
The  most  extensive  employment  of  horses  is  either  in 
dragging  heavy  loads,  at  slow  rates  of  speed,  or  light 
loads,  or  in  coaches,  at  almost  the  extreme  limit  of  that 
speed  which  he  is  capable  of  accomplishing,  and  which 
allows  him  to  produce  any  useful  result  at  all  to 
the  load.  Instead,  therefore,  as  in  the  former  edition, 
of  attempting  to  deduce  his  performance  at  all  the  in- 
termediate rates  of  speed,  we  shall  endeavour  to  ascer- 
tain the  power  a  horse  is  capable  of  exerting  upon  the 
load,  at  that  rate  of  speed  which  he  is  capable  of  accom* 
phshing,  when  exertnig  a  maj^imum  effort  upon  the  load ; 
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and  that  rate  of  speed  which  may  be  considered  a 
maximum  rate  of  speedy  and  which,  at  the  same  time^ 
allows  him  to  produce  a  usefid  effort  upon  the  load. 
We  have  already  given  the  performance  of  a  horse,  in 
the  former  case,  and  we  shall  now  give  the  best  informa- 
tion in  our  power  in  the  latter  case. 

Art  2. — Experiments  on  the  Perfrrmances  of  Horses  on 

Turnpike  Roads. 

In  Mr.  Telford's  reports  on  the  state  of  the  Holyhead 
and  Liverpool  roads,  some  experiments  by  Mr.  M*Neil 
are  given,  upon  the  resistance  of  stage  coaches  on  that 
road.  The  general  results  of  these  experiments,  made 
with  a  stage  coach  weighing  18  cwt.,  and  loaded  with 
seven  passengers,  on  the  same  piece  of  road,  in  different 
inclinations,  and  at  different   rates  of  speed,   are  as 

follow. 

Table  IV. 


Rate  of  inclination. 


Rates  of  travelling. 


in  20 
in  26 
in  30 
in  40 
in  600 

in  20 
in  26 
in  30 
in  40 
in  600 

in  20 
in  26 
in  30 
in  40 
in  600 


6  miles  an  hour. 

6  

6  

6  

6  

8  miles  an  hour. 

8  

8  

8  

8  

10  miles  an  hour. 

10  

10  

10  

10  

F  F  3 


Foroe  required. 


268  lbs. 
213  — 
166  — 
160  — 
111  — 

296  lbs. 
219  — 
196  — 
166  — 
120  — 

318  lbs. 
225  — 
200  — 
172  — 

128  — 
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Allowing,  for  the  weight  of  coach  and  passengers, 
^8  cwt,  the  resistance  of  the  whole,  at  a  velocity  of  ten 
miles  an  hour,  is  116  lbs.,  or  83  lbs.  per  ton.  Taking, 
therefore,  a  stage  coach,  when  loaded,  on  an  average,  to 
WQigh  two  tons,  the  resistance  will  be  166  lbs.,  whichj 
for  four  horses,  is  42  lbs.  exertion  for  each  horse  ;  andt 
supposing  the  general  rate  of  travelling,  with  stage 
coaches,  to  be  ten  miles  an  hour,  we  have  the  per- 
formance of  horses,  in  stage  coaches,  equal  to  42  lbs., 
at  the  rate  of  ten  miles  an  hour. 

With  respect  to  the  distance  per  day  which  horses  in 
stage  coaches  travel,  we  have  a  very  important  docu- 
ment^ furnished  by  the  coach  proprietors  on  the  Liver- 
pool and  Manchester  turnpike  roads ;  from  which  we 
shall  be  able  to  determine,  what  deduction  is  necessary, 
at  the  more  rapid  rate  of  travelling.  It  appears,  from 
a  petition  presented  to  the  House  of  Commons*,  May  3, 
1830,  that  there  were,  at  that  period,  thirty- three 
coaches  upon  the  different  roads  in  that  neighbourhood, 
running  from  Liverpool ;  viz.,  twenty-six  to  Manchester, 
four  to  Bolton,  two  to  Wigan,  and  one  to  St.  Helen's. 
As  it  appears  from  this  document,  that  each  of  these 
coaches  made  a  journey  to  these  respective  places,  and 
back,  in  a  day,  the  following  would  be  the  number  of 
miles  travelled : — 


Miles.                Coaches.       Miles. 

Manchester 

-    37    X  2  X  26  =  1924. 

Bolton 

-    334  X  2  X    4  =    268 

Wigan 

-     22     X  2  X     2  =      88 

St.  Helen's 

-     12    X  2  X     1  =      24 

Total        -    2304 


Which  is  stated  to  have  employed  709  horses  ;  and,  as 

*  Note  Df  Appendix. 
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four  horses  are  required  at  a  time,  the  average  distance 

2304 
travelled  by  each  horse  is,  — —  x  4  — 18  miles  per  day. 

And|  with  this  performance,  the  petitioners  state,  that 
the  stock  is  to  be  renewed  every  three  years.  Although 
the  speed,  at  which  these  horses  travel,  is  very  gteat^ 
yet  it  will  not  exceed  more  than  ten  miles  per  hour ; 
this  will  give,  upon  turnpike  roads,  in  coaches,  a  per- 
formance of  horses  equal  to  42  lbs.,  moved  thirteen 
miles  a  day,  at  the  rate  of  ten  miles  an  hour,  or, 
54f6  lbs.  one  mile  ;  and,  reckoning  the  friction  of  rail- 
ways  equal  to  8^  lbs.  per  ton,  would  be  64  tons  moved 
one  mile  per  day  ;  and,  consequently,  the  relative 
efforts,  at  2^  and  ten  miles,  as  800  :  64. 

Art  3. — Experiments  on  the  Performance  of  Horses 

dragging  Boats  on  Canals. 

The  most  extraordinary  performance  of  horses,  at 
high  rates  of  velocity,  is  that  of  dragging  the  swift  boats 
on  canals ;  a  recent  mode  of  applying  boats  for  the 
conveyance  of  passengers.  The  following  experiments 
were  made  by  Mr.  McNeil,  to  ascertain  the  tractive 
force  required  to  drag  the  passenger  boats,  upon  the 
Glasgow  and  Paisley  canal,  in  Scotland. 
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Table  V. 

Actual  tractive  power  observed  in  working  the  Swift  Boat,  eight 
miles  along  the  Glasgow  and  Paisley  Canal,  at  the  ordinary 
passenger  speed,  or  nine  miles  per  hour.  Load,  11  pas^ 
sengers,  and  boat,  2  tons,  15  cwt.,  equal  to  69  cwt.,  3  qT&, 
20  lbs. 


Tractive  power  in  lbs.  observed  at  regular  distances. 

170 

210 

205 

225 

230 

360 

350 

225 

1 
235  .  240 

200 

110 

40O 

205 

220 

215 

235 

350 

240 

240 

235   310 

235 

110 

400 

210 

200 

210 

245 

SCO 

300 

230 

225   260 

200 

100 

280 

215 

200 

225 

270 

240 

305 

260 

215   235 

120 

90 

260 

215 

195 

195 

260 

290 

270 

250 

215  i  245 

120 

100 

265 

210 

190 

220 

230 

320 

235 

275 

215   240 

150 

240 

220 

390 

285 

205 

300 

230 

250 

230  '  230 

150 

230 

245 

425 

270 

215 

270 

235 

230 

240  ;  215 

130 

240 

235 

380 

230 

235 

320 

240 

230 

235   215 

120 

230 

265 

230 

220 

235 

250 

235 

210 

270   240 

100 

220 

245 

220 

235 

•300 

340 

225 

215 

260   210 

1 

110 

*  At  this  part  another  paasenger  was  taken  in,  which  made  the  load  about 
71  cwt.  This  experiment  gives  an  average  resistance  of  237  lbs. ;  the  boat  being 
dragged  by  two  horses,  is  1 18j  lbs.  effort  for  each  horse. 

Table  VI. 

Actual  tractive  power  observed  in  working  the  Zephyr  Boat, 
eight  miles  along  the  Forth  and  Clyde  Canal,  at  the  ordi- 
nary passenger  speed  of  nine  miles  per  hour.  Nine  pas- 
sengers, and  boat,  3  tons,  equal  to  72  cwt.,  25  lbs. 


Tractive  power  in  lbs,  observed  at  re 

gular  di&tances. 

395 

310 

410 

350 

0 

325 

70 

370 

355 

325 

245 

400 

395 

310 

405 

25  C 

440 

350 

0 

370 

355 

325 

300 

370 

395 

100 

405 

240 

445 

320 

0 

370 

345 

340 

370 

140 

400 

0 

405 

285 

395 

345 

0 

335 

340 

300 

360 

415 

0 

375 

320 

385 

340 

0 

330 

315 

310 

310 

445 

0 

355 

325 

365 

290 

170 

270 

320 

270 

320 

555 

80 

355 

350 

380 

200 

330 

160 

315 

310 

345 

460 

300 

345 

420 

380 

230 

380 

150 

305 

370 

360 

190 

355 

320 

425 

385 

250 

385 

0 

300 

355 

390 

20 

395 

320 

420 

360 

405 

385 

0 

310 

385 

390 

20 

420 

330 

260 

350 

395 

390 

0 

295 

360 

390 

20 

425 

370 

0 

355 

340 

580 

130 

300 

280 

400 

300 

425 

375 

0 

330 

190 

385 

310 

325 

265 

400 
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Experiment  VI.  gives  an  average  resistance  of  298  lbs., 
which  is  for  each  horse  149  lbs.  The  distance  which 
the  horses  travel,  in  dragging  swift  boats,  is  generally 
about  five  miles,  returning  the  same  distance.  On  the 
Glasgow  and  Paisley  canal,  it  is  stated,  by  one  of  the 
canal  proprietors,  "  that  the  entire  number  of  horses 
kept  in  the  year  1832,  to  work  the  improved  boats 
152  miles  each  day,  was  twenty-eight'*  This  gives  rather 
more  than  ten  miles  a  day  for  each  horse.  The  average 
resistance  of  the  two  bc^ts,  is  267  lbs.,  or,  133  lbs.  for 
each  horse,  moved  ten  miles  a  day,  at  the  rate  of  nine 
miles  an  hour ;  or,  1 ,330  lbs.  moved  one  mile.  Taking 
the  friction  at  8^  lbs.  per  ton,  on  a  railway,  would  be 
equivalent  to  156^  tons,  moved  one  mile  per  day  ;  which 
would  give  the  relative  performances  of  horses,  at  2^  and 
ten  miles  an  hour,  or  as  300  :  156^. 


Art.  4. — Result  of  the  foregoing  Experiments. 

The  following  Table  shews  the  result  of  the  forego- 
ing experiments,  on  the  power  of  horses,  at  the  different 
velocities. 


Experiments 
madeoa 

Rate  of  Tra- 
vellings per 
Hour. 

Force 

exerted,  in 

lbs. 

Distance  per- 

iorxned  per 

Day,  in  Miles. 

Duration  of 

Day*s  Work, 

in  Hours. 

Comparatire 
£ffect* 

Railroads    •    - 
Turnpike  Roads 
Canals    - 

2* 
10 

9 

125 

42 

133 

20 
13 
10 

8* 

1-3 

1-11 

2500 

546 

1330 

Art.  5. — Theoretical  Considerations  of  the  Power 

of  Horses. 

In  the  former  edition  of  this  work,  we  hazarded  a 
theory  of  the  power  of  a  horse,  at  the  different  rates 
of  velocity,  which  was  expressed  as  follows : — 
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To  obtain  a  sort  of  approximation  to  the  energy  of 
the  power  of  horses,  at  different  rates  of  speed,  we 
formed  a  kind  of  rule,  on  which  we  founded  our  calcu- 
lations. Taking  the  force,  when  continually  exerted 
for  ten  hours,  travelling  at  the  rate  of  two  miles  an 
hour,  or  for  twenty  miles  a  day,  as  deduced  from  the 
preceding  experiments,  to  be  equal  to  112  lbs.,  we  made 
this  a  standard  for  his  accumulated  performance. 

We  found,  when  a  horse,  travelling  with  a  load,  was 
left  at  liberty  to  assume  what  pace  he  pleased,  that 
heavy  horses,  such  as  used  in  Experiments  I.  and  11., 
generally  fall  into  a  pace  of  two  miles  an  hour ;  and 
lighter  horses,  such  as  in  Experiment  III.,  into  two 
miles  and  a  half  an  hour.  We  considered  these  as  the 
paces  where  the  muscular  exertion  of  the  horse  suffered 
least,  in  performing  a  certain  quantity  of  work,  and  at 
which  his  effort  would  be  the  greatest ;  as  it  was  in- 
variably found,  on  pushing  a  horse  at  a  more  rapid 
rate,  he  was  more  distressed  in  performing  the  same 
work.  We  then  took  112  lbs.,  which,  when  the  friction 
is  equal  to  the  240th  part  of  the  weight,  would  be 
twelve  tons,  or  240  cwt.  multiplied  by  two  miles  an 
hour  =  480,  as  the  general  expression  of  his  performance 
for  twenty  miles  j  and  considered,  that,  in  travelling 
twenty  miles  at  any  other  rate,  his  effort  would  not  be 
greater ;  at  least,  we  considered  that  the  extra  muscular 
exertion  required  to  transport  his  own  weight,  which  is 
more  than  seven  times  that  which  is  exerted  upon  the 
load,  would  be  equal  to  that  diminution  of  weight, 
which,  multiplied  into  the  speed,  would  make  the  sum 
of  his  effort  remain  the  same,  and  equal  to  480. 

Taking  this  rule,  and   making  v  =  the  velocity  in 

miles  per  hour,  we  have  224  lbs.,  as  the  effort  of  a  horse 

224 
at  one  mile  an  hour,  and his  effort  at  any  other  rate 
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of  speed ;    or,  making  480  as  tlie  expression  of  his 
performance  of  the  weight  multiplied  into  the  velocity, 

we  have ,  as  the  weight  which  he  will  drag  upon  a 

level  railroad,  at  any  other  velocity. 

Adopting  the  increased  power  assigned  to  the  per- 
formance of  a  horse,  viz.,  1^  lbs«,  at  the  rate  of  two 
miles  and  a  half  an  hour,  for  twenty  miles  a  day ;  and 
making  this  his  maximum  performance,  which  would 
be  125x20=2500  lbs.  moved  one  mile,  at  the  rate  of 
two  miles  and  a  half  an  hour :  let  t;  =  the  velocity  of 

two  miles  and  a  half  an  hour,  then  2500  t?~p,  the  per- 
formance of  a  horse  at  any  other  velocity,  v.     This 

theorem  would  give,  for  ten  miles  an  hour,  — r^r — ^= 

025  lbs. ;  whereas  the  effort  of  horses,  in  stage  coaches, 
is  546  lbs.  Supposing  the  resistance  of  the  coach,  for 
each  horse,  to  be  42  lbs.,  the  theorem  would  give  fijfteen 
miles  a  day  for  his  performance,  which  generally,  may  be 
considered  not  much  beyond  the  average  performance 
of  horses  in  stage  coaches. 

The  result  of  the  power  exerted  by  horses,  in  drag- 
ging the  canal  boats,  is  so  much  beyond  the  generally 
received  opinion  of  a  horse's  power ;  that,  unless  we  were 
assured  of  the  fact,  it  would  appear  almost  doubtful  that 
horses  could  be  found  capable  of  continuing,  for  any 
length  of  time,  so  exti*aordinary  a  performance. 

On  further  consideration,  however,  we  shall  find  that, 
although  such  an  effort,  continued  day  after  day,  must 
have  a  very  powerful  effect  on  the  wear  and  tear  of  bis 
physical  powers  ;  yet,  when  judiciously  applied,  a  horse 
is  capable  of  such  an  exertion  for  a  short  period  of  time. 
The  performance  of  horses  in  Experiment  II.,  gives 
247  lbs.  as  the  effort  of  a  horse  for  a  considerable  dis- 
tance J  if  we  pay  no  regard  to  the  injury  a  horse  would 
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sustain,  there  is  no  doubt  but  that  this  effort  might  be 
kept  up  for  the  whole  day;  this  would  give  his  per- 
formance   247  X  20  =  4940  lbs.,    and,    consequently, 

4040  X  2t 

=  1372  lbs.,  at  nine  miles  an  hour,  the  per- 

formance  on  canals  being  1330  lbs.  This,  however, 
can  only  be  considered  as  the  extreme  performance  of 
horses,  and  only  kept  up  by  the  destruction  of  his  phy- 
sical  powers ;  the  short  period,  (viz.,  about  half  an 
hour,)  which  they  are  required  to  make  such  an  effort, 
is  the  only  mode  of  enabling  them  to  perform  the  work. 
.  Professor  Leslie,  in  his  Elements  of  Natural  Philo- 
sophy, also  gives  a  formula  for  calculating  the  force 
which  a  horse  can  exert  upon  the  load  at  different  rates 
of  speed. 

.  He  states,  •*  with  regard  to  the  power  of  draught,  the 
formula  (12— r)*,  when  v  denotes  the  velocity  in  miles 
an  hour,  will  perhaps  be  found  sufficiently  near  the 
truth.  Thus,  if  a  horse,  beginning  his  pull  with  the 
force  of  144  lbs.,  would  draw  100  lbs.  at  a  walk  of  two 
miles  an  hour,  but  only  64  lbs.  when  advancing  at 
double  that  rate,  and  not  more  than  36  lbs.,  if  he 
quickened  that  pace  to  six  miles  an  hour ;  his  greatest 
performance  would  hence  be  made  with  the  velocity  of 
four  miles  an  hour.'* 

According  to  the  formula  (12  —  v)*  of  Professor 
Leslie,  the  relative  performance,  at  two  and  a  half  and 
ten  miles  per  hour,  is  as  9  *.  1.  Mr.  Tredgold,  in  his 
work  on  railroads,  gives  the  effect  as  4  :  1.  Mr.  Ras- 
trick,  in  his  report  on  the  Liverpool  railway,  gives  his 
opinion,  also,  as  4  :  1 ;  while  Mr.  Walker,  in  his  report 
on  the  same  occasion,  gives  6*4  : 1. 

250 
Our  formula  of  —  gives  the  effect  as  4  :  1.     It  will, 

however,  be  necessary  to  qualify  this  at  the  higher  ve- 
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locities  ;  for,  although  so  far  as  regards  the  power  which 
the  horse  is  capable  of  exerting  upon  the  load,  at  the 
respective  velocities,  the  ratio  of  4  :  1  may  be  pretty 
correct ;  yet  the  injury  to  his  physical  powers  is  so 
great,  by  being  thus  driven  so  far  beyond  his  natural 
pace,  that  he  is  by  no  means  capable  of  performing  so 
great  a  distance  per  day  ;  and,  therefore;  some  deduc- 
tion from  the  performance  assigned,  is  necessary,  if  we 
are  to  make  the  injury  to  his  physical  powers  an  element 
in  the  calculation.  This  will,  however,  come  more 
properly  under  that  part  of  the  work  which  treats  of  the 
comparative  cost  of  conveyance  of  goods  at  different 
rates  of  speed ;  and,  therefore,  we  shall  not  take  any 
further  notice  of  it  in  this  place. 

We  shall  now  give  a  Table  of  the  quantity  of  work 
which  a  horse  is  capable  of  performing  upon  railways  of 
different  degrees  of  inclination.  In  many  cases,  how- 
ever, we  find  that  the  great  bulk,  if  not  the  whole  of 
the  goods,  or  minerals,  have  to  be  conveyed  in  one  di- 
rection only.  125  lbs.  is  taken  as  the  average  effect  j 
but  the  Tables  of  performances  in  the  colliery  railways 
shew,  that,  when  loaded  in  one  direction  only,  the  horse 
is  capable  of  exerting  in  that  direction,  or  in  one  half 
of  the  distance  travelled,  a  much  greater  force  than  in 
the  other  part  of  the  distance,  when  the  empty  carriages 
only  constitute  the  load.  Upon  the  Backworth  railway, 
the  average  force  exerted,  when  loaded,  was  189  lbs., 
the  maximum  for  half  a  mile  being  247  lbs.  On  the 
Killingworth  railway,  the  average  performance,  loaded, 
is  157  lbs. ;  but,  taking  from  this  those  parts  where  casual 
irregularities  occurred,  the  average  would  be  168  lbs. ; 
the  maximum  being  257  lbs.  With  these  resistances, 
the  horses  travelled  ten  miles  each  day  j  the  other  ten 
miles  being  with  the  empty  carriages. 
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Art  S.'-^Practical  Conclusions  of  the  Performance  of 

Horses  on  Railroads. 

If  we,  therefore,  assume  180  lbs.  as  the  greatest  per- 
formance he  is  capable  of  exerting,  on  an  average,  in 
one  direction,  and  70  lbs.  in  the  other,  making  a  mean 
of  lS5lbs.,  and  take  the  friction  equal  to  8*5  lbs.  per 
ton,  or  the  263rd  part  of  the  weight,  the  following 
Table  will  shew  the  performance,  at  different  rates  of 
inclination  of  plane,  which  a  horse  is  capable  of 
conveying  twenty  miles  a  day,  or  ten  miles  in  each 
direction  j  the  proportionate  weight  of  loaded  to  empty 
carriages,  being  3:1. 

Table  VIII. 


Inclination 

of 

plane. 

Loaded  car- 
riages up,  and 
empty  car- 
riages down 
the  plane 

Loaded  car- 
riages down, 
and  empty  car- 
riages up  die 
plane. 

Load  equal 
in  both         i 
direction*. 

Level 

Totu. 

2117 

Totu. 

21   17 

3biu. 

14*7 

1  in  4480 

20" 

22*6 

14*7 

8860 

19*46 

23*23 

14*7 

2240 

18*95 

24* 

14*7 

1680 

18* 

25*71 

14*7 

1120 

17*14 

27*69 

14*7 

1000 

16*76 

28*75 

14*7 

900 

16*37 

29*95 

14*7 

800 

15*93 

31*58 

14*7 

700 

15*38 

33*83 

14*7 

600 

14*71 

35*01 

14*7 

500 

13*86 

84*06 

13*86 

448 

1333 

33*82 

13*33 

400 

12*76 

32*9 

12*76 

350 

12*08 

31*71 

12*08 

800 

11*27 

30*81 

11*27 

250 

10*31 

80*93 

10*31 

200 

9*14 

27*42 

9*14 

150 

7*68 

28*04 

7*68 

100 

6*82 

17*46 

6*82 
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The  above  Table  is  estimated  upon  the  average  per- 
formances, of  180  lbs.,  and  70  lbs.,  respectively;  but 
we  find,  from  Tables  I.  and  II.,  that  powerful  horses 
are  capable  of  exerting  a  force  equal  to  240,  or  even 
Q50  lbs.,  for  a  short  distance.  If,  therefore,  casual  un- 
dulations occur  in  a  general  line  of  railway,  we  may 
estimate  the  horse  capable  of  overcoming,  for  a  short 
period,  a  force  equal  to  one  third  more  than  stated  in 
columns  2  and  3,  and  one  half  more  than  column  4  of 
Table  V. 

In  column  4,  we  take  the  performance  as  14*7  tons 
upon  a  level  road;  in  all  the  intermediate  rates  of 
inclination,  from  that,  to  1  in  448.  Suppose  the  ave- 
rage effort,  in  the  two  directions,  to  be  125  lbs.,  14*7 
tons  will  be  the  load  taken,  so  long  as  the  resistance  up 
the  plane  does  not  exceed  180  lbs.  When  the  inclina- 
tion becomes  greater,  although  the  average  resistance 
will  still  be  120  lbs.,  taking  the  passage  up  and  down, 
yet  the  resistance  wiU  exceed  180 lbs.  up  the  plane; 
which,  being  greater  than  our  standard  of  the  horse's 
powers,  the  performance  will  be  diminished  accordingly. 

The  Stockton  and  Darlington  railway  company  have 
adopted  a  very  useful  expedient  for  increasing  the 
work  of  a  horse  upon  that  railway,  with  the  particulars 
of  which  we  have  been  favoured  by  Mr.  Storey,  engineer 
to  the  company.  Great  part  of  the  traffic,  upon  that 
railway,  is  in  one  direction  ;  and  portions  of  the  railway, 
in  the  direction  which  the  load  is  to  be  conveyed,  have  a 
considerable  descent,  equal  to  that  which  causes  the 
carriages  to  run  of  themselves.  A  low  platform  carriage 
is  provided,  and  taken  with  the  train  ;  and  upon  those 
parts  of  the  road  where  the  descent  is  so  great  as  to 
overcome  the  friction,  and  the  carriages  descend  by  the 
force  of  gravity,  the  horse  is  made  to  mount  the  plat- 
form, and  is  carried  down  by  the  load.     The  effect  of 
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this,  isy  that  the  horse  is  enabled  to  perforin  a  much 
greater  distance,  than  if  he  travelled  the  whole  way ; 
and  it  is  astonishing  how  soon  the  horse  becomes  accus- 
tomed to,  and  fond  of,  subverting  the  adage  of  the 
"  cart  before  the  horse,*'  by  making  the  cart  carry  the 
horse.  Mr.  Storey  has  favoured  us  with  the  following 
particulars  of  the  increase  of  effect,  by  the  adoption  of 
this  expedient. 

"  Previous  to  the  carriages  being  used  for  the  horses 
to  ride  on,  a  week's  work,  of  six  days,  was 

87  miles,  with  twelve  tons  of  coals ;  and  five 

tons  and  a  half,  empty  carriages  : 
87  miles,  with  five  tons  and  a  half  of  empty 

carriages. 

Total,  174  miles. 


**  A  week's  work,  after  using  the  horse  carriage,  was 
120  miles,  with  twelve  tons  of  coals;  and  five 

tons  and  a  half,  empty  carriages : 
120  miles,  with  five  tons  and  a  half  of  empty 

carriages. 

Total,  240  miles." 


And  Mr.  Storey  observes :  "  This  is  nearly  one 
third  more  work,  and  the  horses  improved  in  condition." 

In  order  to  obviate  the  great  loss  of  power  in  horses, 
when  travelling  at  great  rates  of  speed,  Mr.  H.  Brandreth, 
of  Liverpool,  at  the  Liverpool  experiments,  exhibited 
a  machine,  where  the  horse  travelled  at  a  rate  of  speed, 
equal  to  about  one  third  less  than  the  carriage  itself. 

To  accomplish  this,  two  horses  were  mounted  upon 
a  platform  carriage,  side  by  side,  and,  with  their  feet, 
turned  a  sort  of  endless  chain,  furnished  with  narrow 
boards  like  scales,  which  bent  round  two  wheels,  and, 
when  stretched  horizontally,  presented  a  fit  platform 
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for  the  horses  to  travel  upon,  and  turn  round.  This 
chain  worked  a  wheel,  the  periphery  of  which  travelled 
at  about  one  third  the  rate  of  the  carriage  wheels. 
While  the  horses  were  thus  going  at  the  rate  of  four 
miles  an  hour,  they  would  propel  the  carriage  at  the 
rate  of  twelve  miles  an  hour.  Independently  of  the 
injury  to  his  physical  powers,  the  horse,  at  twelve 
miles  an  hour,  is  not  capable  of  exerting  a  force  equal 
to  one  fourth  of  what  he  is  capable  of  doing  at  four 
miles  an  hour ;  so  that  there  was  some  reason  to  sup- 
pose, unless  the  friction,  and  disadvantageous  mode  of 
application,  counterbalanced  the  economy  of  power, 
there  would  be  an  increase  of  effect.  During  the  pro- 
secution of  the  experiments,  the  construction  of  the 
machine  was  found  defective ;  and  we  do  not  know  if 
Mr.  Brandreth  has  yet  been  able  to  bring  it  to  practice. 

Art.  7* —  Cost  of  conveying  Ooods  on  Railroads    hy 

Horses. 

The  cost  of  conveying  goods,  at  slow  rates  of  speed, 
on  railroads,  will  be  pretty  correctly  ascertained,  by  a 
reference  to  the  prices  paid  for  leading  coals  along  the 
Stockton  and  Darlington  railway,  while  that  company 
employed  horses  on  that  railway.  The  price  paid  for 
the  haulage  of  the  coals,  including  drivers,  was  one 
halfpenny  per  ton,  per  mile.  This  line  is  a  descending 
one  with  the  load,  and,  from  calculations  niade  in  a 
subsequent  part  of  this  chapter,  (Section  4,  Art.  7>)  it 
appears,  that  the  resistance  down  the  plane  was  ^  of 
that  on  a  level,  and  up  the  plane,  -^  ;  and  that  the 
relative  resistance  between  this  line  of  railway,  and  a 
level  road,  is  as  41*67  :  47*25  ;  therefore,  as  41*67  :  '5 
: :  47*25  :  •56rf.  per  ton  per  mile,  the  cost  of  conveying 
goods  on  a  level  railway,  taking  the  Qost  of  the  Stockton 
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and  Darlington  railway,  as  a  standard.  Supposing  a 
horse  to  travel  twenty  miles  a  day,  this  would  give,  on  a 
level  railway,  '56  of  a  penny  per  ton,  per  mile,  of  useful 
load,  and  '37  of  a  penny  per  ton  per  mile  gross ;  and 
this,  it  will  be  observed,  is  the  performance  of  a  horse 
when  the  load  is  conveyed  in  one  direction  only,  the 
empty  waggons  being  the  returning  load,  which,  so  fer 
as  expense  goes,  is  a  useless  load. 

If  we  take  the  cost  of  a  horse,  driver,  &c.  at  7**  per 
day,  and  suppose  a  horse's  power  equal  to  125  lbs.  for 
twenty  miles  a  day,  and  that  the  resistance  of  a  ton  weight 
upon  a  railway  is  8^  lbs. ;  we  have  14'7^  20=294  tons 
conveyed  one  mile  for  7^«>  or  -3  of  a  penny  per  ton  per 
mile  gross,  or  •45  of  a  penny  per  ton  per  mile  useful 
load,  at  the  rate  of  two,  or  two  mUes  and  a  half  an 
hour,  loaded  in  both  directions,  as  a  maximum  per- 
formance; and,  therefore,  we  see  the  practical  effect 
fall  nearly  one  fourth  short  of  the  estimated  maximum 
performance.  We  shall,  however,  take  the  cost  of 
haulage  at  '56  of  a  penny  per  ton,  useful  load,  and  -37 
of  a  penny  per  ton,  gross  load. 

The  cost  of  finding  waggons,  or  carriages,  for  the 
conveyance  of  coals  and  minerals,  will  be  afterwards 
shewn  (§  4,  Art.  8,)  to  amount  to  'IQ*  and  the  cost  of 
loading  and  unloading  coals,  *075  of  a  penny  per  ton 
per  mile ;  the  railway  dues,  '208  of  a  penny  per  ton 
per  mile;  and  the  general  expenses,  *100  of  a  penny 
per  ton  per  mile ;  the  entire  expenses,  therefore,  ex- 
clusive of  capital,  would  be  1  *233d.  per  ton  per  mile. 

Upon  the  Clarence,  Hartlepool,  and  Stockton  and 
Darlington  railways,  the  entire  charges  for  railway  dues 
upon  export  coals,  is  one  halfpenny  per  ton  per  mile. 
Landsale  coals,  on  the  two  former  railways,  one  penny 
per  ton  per  mile ;  and,  upon  the  latter,  three*halQ>ence 
per  ton  per  mile. 
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The  expense  of  horse  power  upon  railroads,  at  dif- 
ferent rates  of  speed,  will  be  in  the  proportion  of  the 
useful  load  which  he  can  drag,  at  the  several  rates  of 
speed  ;  and,  adopting  the  conclusions  in  Art  5,  we  have 
the  relative  performances,  at  the  several  rates  of  two 
and  a  half,  four,  and  ten  miles  an  hour,  as  per  following 
Table  ;  and  the  cost  likewise  apportioned  according  to 
the  useful  effect  produced  at  the  different  velocities. 


Table  IX. 

able  of  the  Cost  of  conveying  Groods  and  Passengers  on  Railroads,  at 

different  Rates  of  Speed,  with  Horses. 


ftteof 
r  mile 


lour. 


2i 


10 


Redft- 
«ooe 

per  ton 
inlba. 


Coct  of  haul- 
age or  motive 

power  per 
ton  per  mile. 


8-5 


8-5 


8-5 


{t 


d. 
0-56 

0-9 


^tL  per  ]Mis- 
sengcr. 
24  per  ton 


Cost  of 

waggons 

per  ton 

per  mile. 


d, 
0  19 


0-227 


}° 


227 


Railway  duel  per  ton 
per  mile. 


Total  charges  per  ton 
per  mile. 


Export 
coal*. 


d. 
0-5 


Landsale  I      General 
coals.      '  merchandise. 


d. 
1-0 


d. 
2 

2* 


12 


Export 
coals. 


d. 
1-65 


Landsale 
ooals. 


d, 
2-15 


I 


General 
nurdiandise. 


d, 
2*69 

S-627 

ld.tolid. 
per  pas- 
senger. 

Is.  3d.  per 
ton. 


The  last  column  gives  the  cost  of  conveyance  of 
railways,  according  to  the  average  charges  of  some  of 
the  existing  railways  worked  by  horses.  Upon  the 
Edinburgh  and  Dalkeith  railway,  passengers  are  con- 
veyed at  the  rate  of  one  penny  per  mile,  the  horses 
travelling  at  the  rate  of  nine  miles  an  hour. 

§  2.  Self-acting  Planes. 

The  impelling  force  of  this  kind  of  motive  power,  is 
gravity ;  it  is  confined,  as  previously  stated,  to  descend- 
ing planes  alone ;  and,  when  employed  in  practice,  its 
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object  is,  to  effect,  in  a  given  time,  the  ascent  of  a  train 
of  carriages,  by  the  descent  of  a  similar  train,  more 
heavily  loaded.  The  respective  weights,  and  inertia  of 
the  descending  and  ascending  train  of  carriages,  being 
given,  and  the  weights  and  inertia  of  the  rolls,  sheeves, 
and  rope,  we  shall  then  have  the  following  known 
quantities,  derived  from  the  preceding  experiments; 
viz.,  the  friction  of  the  loaded  and  empty  carriages,  by 
Chap.  VII.,  and  the  friction  of  the  ropes  denoted  by 
f  in  Chap.  VIII. 

Art  1. —  Theoretical  Conclusions  of  the  Power  of  Self- 
acting  Plants. 

Taking  the  friction  and  resistance  of  the  several 
moving  parts,  as  deduced  from  the  experiments  under 
their  respective  heads,  and  making  t  =  the  required 
time  of  descent  of  the  carriages  down  the  plane  =  -f  /, 
we  have 

'(w  -f  2/?  i^  X  wO  X  s 


=V' 


(1-) 


(g — f)  X  r 

Whence   the   preponderance  of  gravity,    necessary   to 
effect  the  descent,  in  all  states  of  the  weather,  in  the 

time  T,  will  be 

(wH-u^l^^-wQxs    ,    . 

""""^^  12,3lT*  ^^''^ 

and,  having  the  weight  of  the  ascending,  and  descending 
trains  of  carriages,  the  inclination  of  the  plane  will  be 

(w+2^g:g  +w;xs 

12,31  T-         +^ 

Or,  adopting  the  notation  used  in  calculating  the  result  of 
the  previous  experiments,  we  have 

{yf'^w^^'\-a''\-a!'\%  H-&4-c-fc^)x8  ,  ^  .     ^^ 

laTsn^ 4-?+F+/ 

^  ""  (w+tt?)— a'+a" 
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Art  2. — Practical  Application  of  the  Power  of 

self  acting  Planes. 

It  is  impossible,  in  a  case  of  such  a  compound  nature^ 
to  give  tables  of  the  gradients,  or  inclinations,  required 
in  practice,  for  all  the  different  lengths  of  planes ;  we 
shall,  therefore,  give  one  example,  which  will  render  any 
other  a  matter  of  easy  calculation,  and  shall  give  one 
upon  the  Killingworth  railway. 

Example  (1.)  Suppose  a  descending  plane,  the 
length  of  which  is  equal  to  1800  yards,  down  which  it 
is  intended  to  pass  nine  loaded  carriages  at  a  time,  each 
weighing  four  tons,  and  which  drag  up  nine  empty 
carriages,  each  weighing  2i  cwt. :  required,  the  height 
of  plane,  or  inclination,  that  will  complete  the  descent, 
in  400  seconds  ? 

Supposing  w  ?=  1312,  and  Wg^zs  2059,  we  have 
W+M7 1^  =  99,171  lbs. ;  and,  consequently,  a  +  a"  |§ 
=  30,905  lbs. 

Let  the  rope  be  four  inches  and  a  half  in  circumfe- 
rence, then  1900  yards  will  be  5562  lbs.  =  ?.  If  the 
sheeves  be  placed  ten  yards  apart,  and  weigh  30  lbs.  eacli, 
then  180  sheeves  will  be  5400  lbs  ;  whence  c'=2700  lbs.  j 

c  =  227  lbs.     The  value  of 

R  +  R^+R^^  +  p  _454+54004-5562-H696_^^  ,y^^  . 
3.5  r  3-5x16 

F  =  the  200th  part  of  the  weight  =  403  lbs.,  and/= 
120  lbs.     Then  "  = 

(99171 4- 30905 -f  5562 -h 227  +2700)  x  5400  .  gg^  .  4^3  .  |q^ 

12-31  X  400^ 

80640—24192 

=3^  nearly. 

We  may  depend  upon  this  result,  in  practice,  where  the 
apparatus  is  well  fitted  up,  and  kept  in  good  order  j  but, 
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when  this  is  not  the  case,  we  should,  perhaps,  instead  of 
f  tj  take  4-  <,  whence,  according  to  the  example  above^ 
we  have  ^  =  ^V  nearly. 

In  practice,  therefore,  we  must  either  elevate  the 
plane,  or  increase  the  number  of  carriages,  until  we 
obtain  the  requisite  preponderance ;  but,  in  every  case, 
it  will  be  necessary,  in  order  to  secure  the  constant 
action  in  winter  and  summer,  that  the  excess  amount 
to  that  given  by  the  above  formula. 

Before  dismissing  the  object  of  self-acting  planes,  it 
may  be  necessary  to  state,  that  considerable  regard 
should  be  observed,  in  forming  the  line  into  a  proper 
descent,  or  into  tliat  in  which  the  velocity  of  the 
carriages,  on  all  parts  of  it,  shall  be  as  equable  as 
possible. 

The  action  of  gravity,  causing  bodies  to  descend  with 
velocities  uniformly  accelerated,  the  motion  of  the  car- 
riages upon  a  plane,  with  a  uniform  descent,  will  be  very 
variable,  being  accelerated  as  the  square  of  the  times 
employed  in  traversing  the  plane.  The  plane  should 
not,  therefore,  be  made  with  a  regular  and  uniform  de- 
scent, but  such  as  will  give  a  greater  preponderance  of 
gravity  at  the  commencement,  and  then  diminish,  in 
such  a  ratio  that  the  diminution  of  preponderance  will 
abstract  as  much  gravitating  force,  as  will  compensate 
for  the  increasing  velocity  of  the  carriages,  so  that  the 
two  will  counteract  each  other,  and  thus  produce  a 
comparatively  uniform  velocity,  in  the  carriages  on  the 
plane.  The  line  of  descent,  to  perform  these  conditions, 
is  rather  difficult  to  determine,  but,  perhaps,  will  ap- 
proach near  to  the  curve  called  a  cycloid. 
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§  3. — Fixed  Steam  Engine. — Planes. 

To  elicit  the  performance  of  steam  engines,  fixed, 
and  dragging  carriages  up  planes,  inclined  or  parallel  to 
the  horizon,  by  means  of  ropes,  we  have  selected  the 
four  following  experiments,  on  engines  that  have  been 
in  use  for  some  time,  and  which,  we  trust,  will  be  suffi- 
cient to  furnish  data,  by  which  we  may  calculate  the 
performance  of  engines  upon  other  planes. 

Not  to  confine  the  data  to  one  particular  kind  of 
engine,  we  have  taken  two  low-pressure,  or  condensing, 
engines,  and  two  high-pressure  engines. 

Art.  1. — Experiments  on  the  Power  of  Fixed  Engines 

on  Railroads. 

Experiment  I. 

Boulton  and  Watt's  low-pressure  condensing  engine, 
with  two  thirty-inch  cylinders,  steam  44.  lbs.  per  square 
inch  above  the  ordinary  pressure  of  the  atmosphere ; 
rope-roU  similar  to  a.  Fig.  2,  Plate  IX. ;  rope,  seven 
inches  and  a  quarter  in  circumference,  same  as  employed 
in  Experiment  VL,  Chap.  VIII. ;  length  of  plane, 
2646  feet ;  height  or  ascent,  154  feet,  6  inches,  being 
the  same  as  Experiment  VL,  Chap.  VIII. 

Time  of  drawing  up  seven  loaded  carriages,  each 
weighing  9408  lbs.,  similar  to  those  employed  in  Ex- 
periments II.  and  III.,  Chap.  VII.,  620  seconds,  the 
engine  making  374  single  strokes,  five  feet  each. 

Then  (30^  x  2)  x  7854  =  141372  area  of  cylinders, 
and  141372  X  19*5  the  pressure  of  steam  in  the  boiler  = 
27,567  lbs.  pressure  upon  the  piston,  which,  in  the  ex- 
periment, was  moved  through  374x5  =  1870  feetj 
hence  27,567  xl870=51,550,290.1bs.  moved  one  foot, 
the|)ower  of  the  engine. 
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G  +  F  +  ^  +  ■■  ft  sin.  I  +  (^  -^  ^^°  -^  ^  -^  ^t  ^^^  ^" 


The  resistance  will  then  be,  according  to  Formula  17, 

"°  +  ft  + 

r  #» 

Then  g  =  9408  x  7  x  i^  =  3845  lbs. 

SI752 

Also,   by  Experiments   II.   and  III.,  Chap.  VII., 

F  =  40  X  7  =  280  lbs. ;  and,  by  Experiment  VI.,  Chap. 

VIII.,  <p  =  627  lbs. ;  likewise,  by  ditto,  i  b  sin.  i  s= 

203  lbs. 

AlsoC^  +  ^^-g^^  +  ^+^0><^=  36  lbs.  the  force 

rt* 

required  to  overcome  the  vis  inertise  of  the  load  upon 
the  plane,  or  to  cause  it  to  describe  that  space  in  620 
seconds. 

Then  3845  +  280+627+36+203=4991  lbs.,  the  re- 
sistance which,  in  the  experiment,  was  moved  through 
2646  feet;  whence  4991  x  2646=13,206,186  lbs.,  the 
resistance,  moved  one  foot. 

Therefore  |  f  ^'i^'fo^'  ^7"'  f  '"^"^'      ]  Whence 
L  13,206,186,  effect  of  resistance.  J 

we  have  the  effective  power  of  the  engine  upon  the 

load,  compared  with  the  pressure  of  the  steam  upon  the 

piston,  equal  to  25*6  per  cent. 

Velocity  of  piston,  181  feet  per  minute. 

Velocity  of  load,  256  feet  per  minute. 

Experiment  II. 

Fixed  engine,  Boulton  and  Watfs  double-power, 
similar  construction  to  the  preceding,  and  same  power, 
viz.,  with  two  thirty-inch  cylinders,  steam  four  pounds 
and  a  half  per  square  inch  above  the  pressure  of  the 
atmosphere ;  rope  seven  inches  and  a  quarter  in  cir- 
cumference, same  as  Experiment  VII.,  Chap.  VIII. ; 
plane  the  same  also,  length  2,325  feet,  height  or  ascent 
1 15  feet,  carriages  same  as  preceding  experiment. 
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Time  of  drawing  up  seven  loaded  carriages  550 
seconds,  making  320  single  strokes  of  the  piston,  five 
feet  each. 

This  engine,  by  an  additional  rope,  attached  to  the 
end  of  the  above-named  train  of  carriages,  also  dragged, 
at  the  same  time,  seven  loaded  carriages,  of  the  same 
weight,  up  another  plane,  in  extension  of  the  other ; 
length  770  yards,  and  height  twenty-five  feet  six 
inches. 

Then  (30^  x  2)  x  7854  =  1413-72,  area  of  cylin- 
ders  X  19  5,  the  pressure  of  the  steam  =  27,567  lbs. 
pressure  on  the  piston,  which,  in  the  experiment,  was 
moved  through  320  x  5  =  I6OO  feet. 

Therefore  27,567  x  I6OO  =  44,107,200  lbs.  moved 
one  foot,  the  impelling  power  of  the  engine. 

1380 

Then  o  =  9408  x  7  x  27900  "^  ^^^*  ^^^' 

25-5 


G  =  9408  X  7  X  -^g^  =  7261bs. 

And,  by  Experiment  XL,  Chap.  VII.,  f  =  40x  14  = 
560  lbs. 

Also,  by  Experiment  VII.,  Chap.  VIII.,  ^  =  508  lbs. 

And  by  another  experiment,  not  here  detailed,  ^  = 
127  lbs. 

Likewise  ^  b  sin.  j,  by  Experiment  VII.  Chap.  VIII., 
=  153  lbs. 

(w-ft^;|^-hft  +  g-hiOxs  =  38 lbs.,   the  force 
Also  ^^ 

required  to  overcome  the  inertia. 

And,  for  the  other  plane,  the  inertia  =  38  lbs.  also. 

Then  3264  +  726  +  560  +  568  +  127+153  +  76  = 
5474  lbs.,  the  total  resistance,  which,  in  the  experiment, 
was  moved  over  2325  feet ;  therefore  5474  x  2325  = 
12,727,050  lbs.  moved  one  foot,  the  resistance. 
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—^  f  44i,107,200,  power  of  engine. 

Whence    1 12^727^050,  effect  produced^ 
From  which  we  have  the  effective  power,   equal  to 
28'8  per  cent,  of  the  pressure  of  steam  upon  the  piston. 
Velocity  of  piston  174  feet  per  minute. 
Velocity  of  load  253  feet  per  minute. 

Experiment  III. 

High-pressure  engine;  cylinder  twenty-one  inches 
in  diameter,  elasticity  of  steam  in  the  boiler  thirty 
pounds  per  square  inch  above  the  pressure  of  the  atmo- 
sphere ;  length  of  plane  3165  feet,  height  forty-two 
feet,  being  the  same  as  detailed  in  Experiment  IX., 
Chap.  VIII. ;  rope  four  inches  and  a  half,  also  the 
same. 

Time  of  drawing  twelve  loaded  carriages,  each 
weighing  9010 lbs.,  up  the  plane,  570  seconds;  the 
engine  making  444  single  strokes,  five  feet  each. 

Then   21^  x  7854  =  346-36,  area  of  the  cylinder, 
X  30  lbs.  =  10390*8  lbs.,  pressure  of  steam  upon  the  pis- 
ton, which,   in    the  experiment,  was  moved  through 
444x5  =  2220    feet ;     therefore  10,3908  x  2220  = 
23,067,576  lbs.  moved  one  foot,  the  impelling  power  of 

the  piston. 

42 

Then  g  =  9010  x  12  x  3^65" '^■^*^*  ^^^''  the  gravity 

of  the  load;  and  f  =42x12=504 lbs.,  friction  of  the 
carriages ;  also  f,  by  Experiment  IX.,  Chap.  VIII.,  = 
213  lbs.  resistance  of  the  rope;  likewise  ^  b  sin.  i,= 
twenty-three  pounds. 

(wH-ti;||H-&H-c-Hi(/)xs 

^^ -5 — ^-^ =  77  lbs.,  force  re- 
quired, to  cause  tlie  ad  to  describe  the  lengtli  of  the 
plane  in  the  time  ^  =  570  seconds,  supposing  it  free 
from  friction. 
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Then  1434  +  504  +  181  +  213+23+77  =  2251  lbs-, 
the  resistance,  which,  in  the  experiment,  was  moved 
through  3165  feet,  therefore  2251  x  3165  =7, 124,415lbs., 
the  total  resistance,  moved  one  foot. 

Whence    /  ^3,067,576,  power  of  engine. 
1 7i  124,415,  effect  produced. 

Which  makes  the  effective  power  of  the  engine  equal 
to  30*9  per  cent,  of  the  pressure  of  the  steam  upon  the 
piston. 

Velocity  of  piston  234  feet  per  minute. 

Velocity  of  carriages  333  feet  per  minute,  or  3'78 
miles  per  hour. 

Experiment  IV. 

High-pressure  steam-engine,  cylinder  sixteen  inches, 
pressure  of  steam  in  the  boiler  fifty  pounds  per  square 
inch  ;  length  of  plane  2892  feet,  height  fifly-seven  feet 
seven  inches,  being  the  same  as  Experiment  X., 
Chap.  VIII, ;  rope  aJso  the  same^  five  inches  in  circum- 
ference. 

Time  of  drawing  eight  loaded  carriages  up  the  plane, 
each  weighing  8624  lbs.,  390  seconds  ;  the  engine 
making  400  single  strokes,  five  feet  six  inches 
each. 

Then  16^  x  •7854=201,  area  of  piston,  multiplied  by 
fifty  pounds  ;  the  elasticity  of  the  steam  is  10,050  lbs., 
the  pressure  of  the  steam  upon  the  piston,  which,  in  the 
experiment,  was  moved  through  400  x  5*5  =^  2200 
feet. 

Therefore  10,050x2200=22,1 10,000  lbs.  moved  one 
foot,  the  power  of  the  engine. 

And  G  =  86'24x  Sx^^^  =  1S73 lbs. 

Also  F=40  X  8=320  lbs.  j  and,  by  Experiment  XXV., 
?=  304  lbs. 
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Likewise  -yb  sin  i  =  37  lbs. 

Also  (w+«>|^-t.&+cHc')xs.  =96  ibs.  the  weight 

r  r 
necessary  to  overcome  the  vis  inertiae. 

Then  1373-fS2O+S04+37  +  96==21S0lbs.,  the  total 
resistance,  which,  in  the  experiment,  was  moved 
through  2892  feet,  therefore  2130  x  2892=6, 159,960  lbs. 
moved  one  foot,  the  resistance. 

Whence    /  22,110,000,  the  power  of  the  engine. 
\  6,159,960  the  effect  produced. 

From  which  we  find  the  effective  power  equal  to 
twenty-seven  per  cent  of  the  pressure  upon  the 
piston. 

Velocity  of  piston  333  feet  per  minute. 

Velocity  of  load  445  feet  per  minute,  or  five  miles 
an  hour. 

The  same  engine  was  tried,  with  nine  loaded  car- 
riages, which  were  drawn  up  in  420  seconds. 

The  resistance,  in  this  case,  would  be  g  =  1544  lbs. ; 
F=360  lbs. ;  f  =z304  lbs. ;  \  b  sin,  i  z=  37  lbs. ;  and  the 
inertia ^94  lbs. ;  which,  added  together,  is  2339  lbs. 
X  2892=6,764,388  lbs.  moved  one  foot. 

Whence    522,110,000,  the  power, 

c  6,764,388,  the  effect,  and  the  effective 
power  equal  to  30  per  cent. 

Velocity  of  piston,  314  feet  per  minute. 

Velocity  of  load,  4 1 3  feet  per  minute,  or  4*7  miles 
an  hour. 

In  this  experiment,  we  find  a  greater  effective  power 
produced  by  applying  a  heavier  load,  but  the  time  is 
diminished  in  nearly  the  same  ratio. 

The  relative  effective  power  is  \gr\  per  cent. 

{SS81 
314  K^^**  P^^  Miinute. 
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Whence  we  find  the  relative  performances,  f  91261 
with  respect  to  time  and  effect  -  -  1 9340  J 
The  preceding  experiments,  shewing  the  performance 
of  these  two  kinds  of  engines,  will  form  a  rule  for  the 
practical  application  of  similar  engines  to  other  planes. 
The  effective  power  of  the  high-pressure  engines  is 
greater  than  that  of  the  low-pressure,  but,  in  these  ex- 
periments, neither  exceed  30  per  cent. 

We  have  taken,  in  these  calculations,  the  common 
mode  of  determining  the  effective  power  of  the  engines ; 
viz.,  by  taking  the  pressure  of  steam  in  the  boiler,  and 
applying  that  pressure  to  the  pistons.  We  are  aware 
that  the  pressure  of  steam  in  the  boiler  does  not  shew 
that  such  elasticity  is  applied  to  the  pistons,  more  espe- 
cially in  locomotive  engines,  where  the  quantity  of 
water  evaporated  is  the  correct  measure  of  the  power 
applied.  But  as,  in  the  case  of  fixed  engines,  the 
dimensions  are  fixed,  as  regards  a  certain  area  of  cylin- 
der, compared  with  the  evaporating  power  of  the  boiler ; 
when  the  same  proportions  are  adhered  to  in  every 
case,  the  preceding  investigations  shewing  the  useful 
effect  in  one  case,  will  be  applicable  in  every  other  case, 
where  the  same  proportions  are  kept ;  and  where  we  may 
presume,  the  power  of  evaporation  is  sufficient  to  supply 
the  cylinder  with  steam.  If  the  generally  adopted  pro- 
portions are  varied,  then  the  case  will  not  apply  correctly. 
Not  having  an  opportunity  of  making  the  necessary  ex- 
periments, to  deduce  the  power,  in  accordance  with  the 
system  of  calculation  adopted  in  the  case  of  the  locomo- 
tive engines,  we  did  not  think  it  advisable  to  with- 
hold these  calculations  from  the  public,  until  others 
were  substituted;  and,  as  these  will  be  found  to  be 
correct  in  all  engines  of  similar  proportions,  and  as  the 
deviations  from  these,  if  any,  will  be  very  few,  they 
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Experiment  IV. 

Same  plane,  with  one  loaded  carriage,  similar  to  the  preceding : 
space  described,  1268  feet :  time  of  descent,  128  seconds. 

By  theorem,  9 as  before. 

F  s=  41  *46  lbs.  the  friction. 

Experiment  V. 

Same  plane, — same  kind  of  carriage ;  one  loaded  carriage.  Space 
described,  1140  feet;  time,  125  seconds. 

By  theorem,  9— Friction,  44 '19  lbs. 

Experiment  VI. 

Same  plane, — an  empty  carriage,  similar  in  form  to  the  preceding, 
weighing  S472  lbs.     Space  described,  1206  feet ;  time,  124  seconds. 

By  theorem,  9— Friction,  12*73  lbs. 

During  the  time  of  performing  the  three  last  expe- 
riments,  it  was  rather  windy,  and  the  direction  of  the 
wind  was  partly  oblique  to  the  line  of  the  road  ;  which 
would  have  the  effect  of  blowing  the  carriage  to  one 
side,  and  causing  the  flanch  of  the  wheels  to  press 
against  the  side  of  the  rail,  and  thus,  augment  the  fric- 
tion* In  these  experiments,  the  rails  were  in  an  excel- 
lent state,  presenting  the  least  possible  resistance  to  the 
rolling  of  the  wheels.  When  the  rails  are  quite  dry,  or 
quite  wet,  they  present  the  least ;  and  when  partially 
wet  or  moist,  and  catching  the  dust,  the  resistance  is 
the  greatest }  in  these  three  last  experiments,  they  were 
quite  dry. 

The  following  experiments  were  made  with  a  view  of 
ascertaining  the  friction  of  the  same  carriage  loaded 
¥rith  different  weights  ;  they  were  made  with  the 
dynamometer  previously  described. 
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will  be  found  to  be  almost,  if  not  entirely,  sufficient  for 
the  purpose. 

The  velocity  of  the  piston  in  these  experiments  was, 
however,  very  great ;  and  this  would  have  the  effect  of 
diminishing  the  performance,  compared  with  the  elas- 
ticity of  steam  in  the  boiler  ;  otherwise  we  might  have 
expected  a  greater  amount  of  effective  power.  We 
shall  afterwards,  when  treating  on  the  locomotive  en- 
gine, shew  the  effect  of  the  velocity  of  the  piston,  upon 
the  effective  performance  of  high-pressure  engines. 

§  4. — Practical  Application  of  the  Power  of  Fixed 

Engines  on  Railroads. 

We  -shall  now  give  two  practical  examples  of  the 
power,  required  to  work  incUned  planes,  with  fixed 
engines,  deduced  from  the  preceding  experiments. 

In  the  case  of  an  engine,  fixed  upon  the  summit  of 
a  hill,  for  the  purpose  of  dragging  the  carriages  up,  and 
the  inclination  of  which  is  sufficient  to  cause  the  de- 
scending carriages  to  drag  the  rope  after  them,  the 
formula  (170  will  applyf  where 

^      ,,    .        .  (w-hz^lg+6+g-t-^O  X  s. 
p=G-f.F+(p+^  0  sm.  i-^-- —p ^-^ — 

From  the  above  experiments,  we  find,  that  p,  being 
the  effective  power  of  the  engine,  should  not  exceed 
thirty  per  cent,  of  the  whole  power  of  the  engine, 
reckoned  by  applying  the  pressure  of  the  steam  in  the 

boiler,  to  the  area  of  the  cylinder.  This  will  form  a 
rule,  in  practice,  for  high-pressure  engines,  or  engines 
working  by  the  expansive  power  of  the  steam  alone  j 
but  it  may,  perhaps,  be  more  convenient,  with  con- 
densing engines,  to  retain  the  common  measure  of 
horses'  power,  reckoned  at  33,000  lbs.,  moved  one  foot 
in  a  minute. 
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Suppose  an  inclined  plane,  1000  yards  in  length, 
height  sixty  feet,  up  which  a  train  of  eight  loaded  car- 
riages, weighing  9408  lbs.,  is  required  to  be  dragged 
by  an  engine  on  the  summit,  in  300  seconds,  with  a 
rope  five  inches  in  circumference ;  required  the  power, 
p,  of  engine. 

60 
We  have  g  =  9408  x  8  x  g^^  =  1505  lbs. 

9408x8      _^^„ 
^=     200     =»761bs. 

rru       ^      R  +  Ar'  +  h"        4500  +  1500  +  40,765 

Then  (p  = f- ^  ^    ,T — *-^— 

3*5  T  3*5  X 10 

=180  lbs.,  supposing  the  weight  of  the  rope  roll,  r=: 

4500  lbs. ;  consequently  ^  r'=  1500  lbs.,  the  weight  of 

the  rope,  r''=4065  lbs.,  and  r=l6  : 1. 

rr.1       II-          >i/Mu          l(w+^l4-o+*  +  c+ic0xs 
Then  A  b  sm.  i  r:40  lbs.,  and  ^^ ^ — ^^ — = 

(10,155  X  8  +  4065  +  2250  +  750)  x  S000_  -qqik 
'^ 16^x300- ^^^  ^^• 

Whence  p  =  1505  +  876  +  180  +  40  +  183  = 
2284  lbs.,  which,  to  be  moved  3000  feet  in  five  minutes, 
is  equal  to  1,370,400  lbs.,  moved  one  foot  in  a  minute ; 

consequently    '  ^  '        =  41^  horses*  power.     But  as 

we  found,  in  the  case  of  the  self-acting  plane,  it  was 
necessary,  to  ensure  the  regularity  of  transit  in  all 
states  of  the  weather,  that  the  inclination  should 
be  I  ^  we  have  41^  x  j  =47^  horses'  power. 

Suppose,  that  upon  the  above  plane,  the  road  is 
double,  or  similar  to  a  self-acting  plane,  and  that  at  the 
same  time  the  engine  is  dragging  the  loaded  carriages 
up  the  plane,  a  similar  number  of  empty  carriages  are 
descending ;  the  formula  in  this  case  will  be 
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Let  the  weight  of  the  empty  carriages  be  3472  lbs. 
each ;  then  a =1505  lbs.  ;  f=376  lbs. ;  ^  is,  in  this  case, 

R  +  R'+R^+P       r^.  ^^^  J     /.       3472x8        iQoll. 

r: ^r— =  274  lbs. ;  and  /  =  — ^—- — =  138  lbs. 

3*5  r  '    '  '  ^  200 

60 

Iikewise^=3472x 8 xq7)qq=  555 lbs.,  and  the  inertia 

=252  Ibs; 

Whence  1505  +  376  +  274  + 138  +  252-555=1999  lbs., 
which,  moved  3000  feet  in  five  minutes,  or  600  feet  in 
one  minute,  is=  1,1 99,400  lbs.,  moved  one  foot. 

Therefore  lil??!*22=334.  horses'  power ;  or,  making 

33,000  ^  r         »     »  8 

the  proper  allowance  for  bad  weather,  we  have  33t  x  f  r: 
38  horses'  power.  In  this  last  case,  we  find  the  assist- 
ance rendered  to  the  engine  by  the  descending  train, 
equal  to  more  than  nine  horses'  power. 


§  4. — Locomotive  Engines. 

In  the  following  investigations,  respecting  locomotive 
engines,  we  shall  confine  ourselves  entirely  to  tliose, 
which  effect  their  progressive  motion,  by  means  of  the 
adhesion  of  their  wheels  upon  the  rails ;  experience 
having  proved,  that  this  mode  is  quite  adequate  to 
accomplish  the  progressive  motion  of  these  engines. 

We  have  before  explained  the  nature  of  the  action  of 
the  engine-wheels  upon  the  rails,  and  the  principle  by 
which  the  locomotion  is  effected ;  the  great  importance 
of  knowing  the  precise  amount  of  that  adhesioo, 
whereby  we  may  be  able  to  calculate,  with  certainty* 
upon  what  inclination  of  road,  and  with  what  number 
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of  carriages,  tlie  engines  can  effect  their  progressive 
motion,  will  be  very  evident;  as  by  that  the  whole 
system  of  their  action  is  regulated. 

Art.  1. — Ad/iesion  of  the  Wheels  upon  the  Rails. 

This  may  either  be  ascertained,  by  continued  obser- 
vation of  the  performance  of  engines,  upon  certain  lines 
of  road,  or  it  may  be  made  the  subject  of  direct  experi- 
ment. In  adopting  the  latter  mode,  the  great  variation 
in  the  amount,  arising  from  the  surface  of  the  rail, 
presenting  more  or  less  adhesion  to  the  wheels,  in 
different  states  of  the  weather,  renders  it  difficult  to 
subject  the  engines  to  experiments,  at  all  the  various 
changes ;  and  almost  compels  us  to  have  recourse  to 
observation,  or  experiments  made  in  the  two  extremes, 
in  order  to  obtain  a  mean  result.  We  shall,  therefore, 
first  of  all,  give  the  particulars  of  two  experiments,  one 
in  the  most  favourable,  and  the  other  in  the  most  un- 
favourable, state  of  the  rails. 

When  the  surfaces  of  the  rails,  and  wheels,  are  either 
quite  dry,  or  completely  wet,  the  adhesion  is  the  great- 
est, the  surface  being  then  most  free  from  the  presence 
of  all  extraneous  matter  j  when  the  rails,  on  the  con- 
trary, are  moistened  with  wet,  and  partly  covered  with 
mud,  the  adhesion  is  the  least.  The  mud,  interposing 
between  the  surfaces  of  the  wheel  and  rail,  diminishes 
the  adhesion  very  considerably,  in  the  same  manner  as 
oil,  or  grease,  applied  to  the  bearings  of  shafts,  or  other 
rubbing  surfaces,  reduces  the  friction.  In  all  the  inter- 
mediate states  of  the  rail,  the  adhesion  varies,  and  is 
greater  or  less,  according  as  the  state  approaches,  more 
or  less,  towards  either  of  these  changes. 

It  will  be  evident,  that  the  total  amount  of  adhesion, 
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is  that  force  which  would  be  required  to  cause  the 
engine  wheels  to  slide  upon  the  rail,  if  the  wheels  were 
prevented  from  turning  round ;  or,  will  be  that  amount 
of  force,  compared  with  its  weight,  which  the  friction  of 
similar  rubbing  surfaces  bears  to  their  weight.  Know- 
ing, then,  the  friction  of  iron  sliding  on  iron,  and  the 
weight  of  the  engine,  we  might  calculate  the  amount  of 
adhesion  of  an  engine,  compared  with  its  weight ;  or, 
by  fastening  the  engine  wheels,  and  employing  a  force 
to  drag  the  engine,  loaded  with  different  weights  along 
the  railroad,  we  could,  by  this  mode,  ascertain  the 
amount  of  adhesion  proportionate  to  the  weight  Either 
of  these,  though  very  correct  modes  of  ascertaining  the 
total  amount  of  adhesion,  compared  with  the  weight, 
would  not,  however,  be  an  accurate  standard  for  prac- 
tical application.  The  force  of  the  steam,  at  different 
periods  of  the  stroke  being  very  irregular  upon  each 
wheel,  will  occasion  the  result,  in  practice,  to  vary 
from  that  deduced  by  the  foregoing  methods;  the 
following  experiments  were,  therefore,  under  different 
circumstances,  made,  upon  engines  in  actual  use,  to 
ascertain  the  amount  of  adhesion. 

Experiments  upon  the  Adhesion  of  the  WJieels. 

Experiment  I. 

Locomotive  engine,  with  cast-iron  wheels,  three  feet 
in  diameter,  weighing  6^  tons,  and  containing  one  ton 
of  water,  =7i  tons,  dragged  twelve  loaded  carriages, 
each  weighing  9408  lbs.,  up  a  plane,  ascending 
134  inches  in  1164  feet,  with  the  convoy  carriage, 
weighing  1^  tons  ;  the  wheels  not  slipping,  rails  quite 
dry ;  cast-iron  edge-rail,  9\  inches  broad  at  the  top. 
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Then,  weightof  the  engine,  16,800  lbs. 
12  carriages,  9408  x  12=112,896 
Convoy  carriage    -       -       3,360 

133,056  X  i^=  1277 lbs.  gravity. 
Friction  of  12  carriages,  at  43  lbs.  each,  =  516 
Friction  of  convoy  carriage,  -  17 

1810  lbs.,  the 
total  resistance  overcome  by  the  engine,  (exclusive  of 
the  power  required  to  propel  itself  forward,)  and,  conse- 
quently, the  adhesion  of  the  wheels  upon  the  rails, 
when  the  surface  of  the  rails  was  dry ;  and  which  is  equal 
to  the  9'28th  part  of  the  pressure  on  the  rails,  exclusive 
of  the  friction  and  resistance  of  the  engine ;  which  if 
we  take  equal  to  56s  lbs.,  the  proportion  will  be  equal 
to  the  seventh  part  of  the  weight. 

Experiment  II. 

Same  engine,  with  twenty-nine  empty  carriages,  each 
weighing  3472  lbs.,  up  an  ascent  of  1  in  324 ;  rails 
slightly  covered  with  mud,  and  in  the  worst  state ; 
wheels  slipped  a  little,  but  the  engine  proceeded  at  the 
rate  of  about  four  miles  an  hour. 

Then  as  before,  16,800+3360+3472  x  29=96,128  x 
.y+j.=2961bs.,  the  gravity  of  the  engine  and  carriages. 
Friction  of  carriages  29  x  16=464  +  17=481  lbs.,  which, 
added  to  the  gravity,  gives  481  +  296  =  787  lbs.,  the 
adhesion  in  the  worst  weather,  equal  to  the  21*3  parts 
of  the  weight ;  and,  taking  the  resistance  of  the  engine 
at  568  lbs.,  as  before,  the  adhesion  will  be  equal  to  the 
thirteenth  part  of  the  weight,  nearly. 

This  latter  should,  of  course,  be  taken  as  that  resist- 
ance with  which  the  engine  should  be  loaded  ;  and  this 
would  be  sufficient  to  drag  about  seventy  tons  upon  a 
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level  road.  The  engine  wheels,  however,  as  stated  ui 
the  experiment,  slipped  a  little,  and  though  the  pro- 
gressive motion  was,  notwithstanding,  kept  up,  yet  such 
a  sUpping  of  the  wheels  would  have  a  very  injurious 
eiFect,  not  only  upon  the  wheels,  but  also  upon  the  rails. 
The  load,  therefore,  should  not  be  so  great  as  to  produce 
such  an  effect 

From  several  years'  observation  of  the  performance  of 
those  engines  upon  the  Killingworth  railroad,  we 
are  inclined  to  think  the  above  result  rather  too  high, 
without  incurring  the  risk  of  slipping.  There  they 
travel  sometimes  with  nine,  and  sometimes  with  twelve 
carriages,  amounting  to  thirty-six  and  forty-eight  tons, 
respectively.  The  greatest  ascent  upon  any  part  of  the 
railroad,  with  the  load,  is  1  in  330,  and  in  returning 
with  the  empty  carriages,  1  in  80.  The  general  load 
is  sixteen  waggons,  but  the  wheels,  in  very  bad  weather, 
slip  sometimes  with  twelve  carriages  ;  but  the  engines, 
in  the  worst  weather,  are  never  prevented  travelling  with 
nine  carriages.^ 

Taking  the  latter  as  the  datum,  we  have  8764  lbs. 
the  weight  of  each  carriage  x  9  x  ir4Tr=6l  lbs.,  the  gravity 
of  the  carriages,  and  16,800  +  3360  x  ,^=239  lbs., 
the  gravity  of  the  engine  and  convoy.  Then  9x40= 
360  lbs.,  the  friction  of  the  carriages,  and  17  lbs.  the 
friction  of  the  convoy.  Whence  61  +  239  +  360+17  = 
677  lbs.,  the  resistance  which  the  engine  is  capable  of 
overcoming  by  the  adhesion  of  the  wheels,  at  all  times, 
upon  an  edge  railroad,  without  slipping. 

The  weight  of  the  engine  being  about  16,800  lbs., 
whence  the  amount  of  adhesion  will  be  equal  to  the 
twenty-fifth  part  of  the  weight ;  and  as  the  friction,  or 
adhesion,  will  always  be  in  proportion  to  the  pressure 
upon  the  rails,  this  expression  will  be  constant,  and 
will  apply  to  engines  of  different  weights. 
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The  above  result  was  from  an  engine  similar  in  con- 
struction to  Nos.  5  and  6,  page  295,  without  springs,  and 
with  a  chain  to  connect  the  two  cylinders  with  each 
other.  When  the  engines  were  improved,  and  the 
wheels  connected,  as  shewn  in  the  drawing,  and  springs 
adopted,  it  was  found,  that  the  amount  of  effective 
adhesion  was  increased.  We  had  frequent  opportunities 
of  observing  this ;  and  some  experiments,  which  were 
made,  proved  the  fact,  beyond  any  doubt.  The  follow- 
ing experiments,  made  with  Messrs.  Walker  and  Rast- 
rick,  while  pursuing  their  inquiries,  as  to  the  moving 
power  to  be  adopted  upon  the  Liverpool  and  Man- 
Chester  railway,  will,  perhaps,  shew  this  very  clearly ; 
and  which  corroborated  other  experiments  we  had 
made  for  the  same  purpose.  The  experiments  were 
made  upon  a  piece  of  railway  which  had  been  prepared, 
to  try  the  friction  of  carriages.  Cast-iron  edge-rail  two 
inches  and  a  quarter  broad  at  top,  with  half-lap  joints ; 
the  inclination  of  the  road  being  as  follows  : 


No.  1. 

-      110 

yards 

- 

1  in  13Q 

No.  2. 

-      110 

— 

- 

1  in     97 

No.  3. 

.      110 

— 

- 

1  in  113 

No.  4. 

-       110 

— 

m 

1  in  120 

No.  5. 

-       110 

— 

- 

1  in  114 

Experiment  III. 

Engine  weighing  six  tons,  without  springs,  cast-iron 
wheels  three  feet  in  diameter,  water  and  tender  three 
tons. 

'  No.  I.  dragged  four  carriages,  each  weighing 
four  tons,  up  the  spaces  Nos.  1  and  ^.  The  rails 
greasy,  or  water  from  melted  snow  and  coal-dust 
being  upon  them.  In  this  experiment  there  was» 
evidently,  a  slipping  of  the  wheels. 
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No.  II.  The  same  engine,  upon  the  same  space, 
with  three  carriages  of  four  tons  each  ;  wheels  did  not 
slip. 

Experiment  IV. 

Engine  weighing  seven  tons  and  a  half,  convoy  car- 
riage and  water  two  tons  and  a  half,  wheels  four  feet 
two  inches  in  diameter,  with  wrought-iron  tires,  **  which 
had  been  at  work  twelve  months,  but  did  not  appear 
worse  ;*'  engine  upon  springs. 

No.  I.  Placed  the  engine  below  the  bottom  of  the 
five  spaces,  or  574  yards,  with  seven  caniages,  each 
weighing  four  tons ;  the  engine  travelled  up  the  57* 
yards,  the  wheels  making  133  revolutions. 

No.  II.  Seven  carriages,  and  engine  as  in  last 
experiment. 

No.  1.  space         -         -     27  revolutions. 
No.  2.     —  .        -27        — 

Nos.  3  and  4.        -         -     53         — 
No- 5.     —  .         .     26        — 


133  revolutions. 

No.  V.  With  six  carriages ;  number  of  revolutions 
same  as  before. 

No.  VI.  Chalked  the  point  of  contact  of  wheel  and 
rail,  when  the  engine  was  at  the  top  of  the  plane ;  it 
was  then  run  down  till  it  made  sixty-eight  revolutions, 
with  six  carriages  attached.  It  made  sixty-nine  revolu- 
tions and  a  half  of  the  plane,  before  it  came  to  the 
same  mark  again  ;  but  as  the  slipping  was  considerable 
at  starting,  one  revolution  was  supposed  to  be  lost  by 
that,  and,  therefore,  the  slipping,  in  ascending  the  plane, 
was  half  a  revolution. 

The  result  of  these  experiments  is,  that  in  No.  I., 
Experiment  III.,  the  resistance  was  equal  to  the 
twentieth  part  of  the  weight  of  the  engine,  and  with 
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this  the  adhesion  was  not  sufficient  to  prevent  slipping. 
In  No.  II.  the  resistance  was  equal  to  the  twenty-fourth 
part  of  the  weight  of  the  wheels  upon  the  rails ;  and 
the  adhesion  was  sufficient  to  overcome  the  resistance, 
without  slipping. 

In  Experiment  IV.,  No.  I.  the  resistance  amounted 
to  the  sixteenth  part  of  the  weight,  and  with  this  resis- 
tance the  engine  travelled  574  yards,  with  133  revolu- 
tions of  the  wheels  ;  this  would  make  about  six  yards 
of  slipping. 

In  No.  VI.  the  rail  was  chalked,  which  was,  perhaps, 
the  most  accurate  way  of  ascertaining  the  extent  of 
slipping ;  and,  making  allowance  for  the  slipping  at 
starting,  the  amount  appeared  to  be  about  half  a  re- 
volution of  the  wheel,  or  six  feet  and  a  half.  The 
resistance  opposed  to  the  engine,  in  this  experiment, 
amounted  to  the  eighteenth  part  of  the  pressure  on  the 
rails. 

From  these  experiments,  we  find  that  a  greater  power 
of  adhesion  existed  in  the  latter  engine,  than  in  the  one 
without  springs,  and  with  wheels  of  smaller  diameter ; 
in  the  proportion  of,  when  no  slipping  took  place, 
probably,  as  twenty  to  twenty-five. 

It  is  scarcely  necessary  to  say,  that  as  all  the  modem 
engines,  and  those  which  may  in  future  be  constructed^ 
will  be  with  large  wheels,  and  upon  springs,  we  should 
take  the  result  of  the  Experiment  IV.  as  our  rule  for 
practice.  This  would  give  the  adhesion  equal  to  the 
twentieth  part  of  the  insistent  weight  These  expe- 
riments, being  made  when  the  rails  were  in  their  worst 
state,  will,  of  course,  exhibit  the  minimum  effect. 

These  engines,  as  previously  stated,  are  in  construc- 
tion similar  to  the  drawing,  Nos.  5  and  6,  page  295,  the 
cylinders  being  vertical,  and  each  of  them  working  a 
separate  pair  of  wheels,  which  are  connected  by  the  side 
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rods,  shewn  in  the  figure.  The  engines  in  use  upon  the 
Liverpool  and  Manchester  railroad  are  different,  both 
cyUnders  working  the  same  pair  of  wheels,  as  shewn  in 
PL  XII. ;  and  as  there  appears  some  difference  of  effect  in 
the  amount  of  adhesion,  between  engines  so  constructed, 
it  will,  perhaps,  be  necessary  to  explain  the  cause. 

The  action  of  the  power  of  the  cylinders  upon  each 
of  the  wheels  of  the  engine,  Nos.  5  and  6,  page  295,  is 
extremely  irregular ;  when  the  piston,  for  instance,  is 
at  the  top  of  one  of  the  cylinders,  say  No.  I.,  the  power 
has  no  effect  in  turning  the  wheels  round,  and  the  cir- 
cumvolution is  effected  by  the  other  cylinder.  No.  II, 
through  the  connecting  rod  on  each  side  of  the  wheels, 
pushing  the  pair  of  wheels,  No.  1,  round.  When,  how- 
ever, the  crank  on  the  wheels,  No.  1,  has  arrived  at  a 
certain  period  of  its  revolution,  the  action  of  tlie  cylin- 
der.  No.  I.,  gradually  becomes  greater,  then  equal  to 
No.  II.,  and  then  the  predominant  moving  power,  when 
the  other  pair  of  wheels,  No.  II.,  is  dragged  round  by 
the  action  of  the  cylinder.  No.  I. ;  each  pair  of  which 
is  thus  alternately  pushed,  and  dragged  forward,  by  the 
action  of  the  pistons,  and  the  connecting  rods ;  and  as 
the  connecting  rods  cannot  be  keyed  mathematically 
tight,  such  interchanges,  in  the  intensity  of  the  action 
of  their  forces,  induce,  at  certain  intervals,  a  slipping  of 
the  wheels.  The  weight  of  the  pistons,  and  their  con- 
necting rods,  also,  are  not  balanced ;  and  which,  by  pro- 
ducing an  irregularity  in  the  pressure  on  the  rails,  has 
the  effect,  also,  of  inducing  a  slipping  on  the  descending, 
rather  than  on  the  returning,  stroke ;  and  it  has  hence 
been  observed,  that,  when  slipping  does  take  place,  it 
almost  invariably  commences  with  the  wheels,  on  which 
the  piston  is  descending,  and  is  then  communicated  to 
the  other,  by  the  horizontal  connecting  rods. 

It  is,  likewise,  very  difficult,  to  procure  two  sets  of 
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wheels  strictly,  or  mathematically,  of  the  same  diameter, 
and,  if  they  are  not  so,  there  must  be  a  partial  slip- 
ping. AH  these  causes  have  a  tendency  to  induce  a 
commencement  of  slipping,  especially  upon  the  de- 
scending piston ;  and  when  once  the  least  movement 
takes  place,  it  is,  of  course,  accelerated,  until  the  piston 
arrives  at  that  period  of  the  stroke,  when  its  power  is 
diminished,  and  the  other  cylinder,  through  the  con- 
necting rod,  becomes  the  predominant  power ;  and  hence 
we  often  find,  in  practice,  when  the  two  forces  are 
nearly  balanced,  that  a  slipping  takes  place  in  the  de- 
scending stroke,  is  recovered  in  the  ascending,  and 
again  produced  on  the  descent  of  the  pistons. 

In  the  description  of  engine  shewn  in  Plaie  XILj 
few,  if  any,  of  these  defects  exist ;  the  power  of  both 
cylinders  is  communicated  to  the  same  pair  of  wheels. 
Any  change  of  intensity  of  force,  by  the  cylinders  being 
placed  so  near  each  other,  cannot  be  materially  felt  by 
either  wheel ;  and  the  line  of  direction  of  the  power  of 
the  pistons  being  horizontal,  and  parallel  with  the  line 
of  road,  the  pressure  upon  the  rails  is  always  the  same ; 
and,  likewise,  one  pair  of  wheels  only  being  worked  by 
the  cylinders,  the  evil,  by  the  want  of  uniformity  in  the 
diameter  of  the  four  wheels,  is  remedied. 

With  all  these  advantages  of  construction,  we  find, 
as  might  be  supposed,  that  these  engines  realize  a 
greater  amount  of  adhesion,  compared  with  the  insistent 
weight,  than  engines  of  the  common  construction, 
the  whole  of  the  wheels  of  which  are  applied  to  produce 
the  power  of  locomotion.  It,  of  course,  results  fropi 
this  improved  mode  of  construction,  when  only  one 
pair  of  wheels  is  driven  by  the  cylinders,  that,  sup- 
posing the  whole  weight  of  the  engine  equally  divided 
upon  the  four  wheels,  or  six  wheels,  we  have  only  one 
half,  or  one  third,  of  the  weight  of  the  engine  applica- 
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ble  for  the  purposes  of  adhesion  ;  but,  perhaps,  in  every 
case  it  may  be  advisable,  without  producing  any  in- 
jurious effect  upon  the  road,  to  throw  a  greater  pro- 
portion of  weight  upon  the  two  wheels  worked  by  the 
cylinders.  We  are  also  convinced,  that,  in  the  change 
from  three  to  four  feet  wheels,  or  from  smaller  to 
larger,  an  increase  of  adhesion  was  effected ;  for  greater 
speed  of  travelling,  still  larger  wheels  are,  and  will 
be  applied,  whereby  a  still  further  increase  may  be 
expected.  The  injury  to  the  rails  will  also  be  less,  the 
pressure  being  the  same,  with  large  wheels,  than  with 
wheels  of  smaller  diameter ;  not  only  from  the  bearing 
surface,  in  the  former  case,  being  greater,  but  also  by 
being  enabled  to  effect  a  better  arrangement  of  the 
weight,  by  placing  the  centre  of  gravity  so  very  low, 
when  working  two  wheels  only,  and  which  cannot  so 
conveniently  be  done,  when  the  four  wheels  are  all 
worked  by  the  engines. 

Perhaps  we  may,  therefore,  under  these  circum- 
stances, place  more  tlian  one  half  of  the  whole  weight 
of  the  engine  upon  the  two  large  wheels,  worked  by 
the  cylinders ;  without  effecting  so  much  injury  to  the 
rails,  as  an  engine  of  the  old  construction,  with  the 
weight  equally  divided  upon  the  four  wheels. 

But,  if  the  engine  is  to  be  employed  to  drag  heavy 
loads,  then,  by  side  rods,  all  the  four  wheels  may  be 
coupled  together ;  or,  if  the  engine  be  placed  upon  six 
wheels,  and  it  be  required,  all  the  six  wheels  may  be 
coupled  together,  and  the  entire  weight  of  the  engine 
subjected  to  the  action  of  adhesion.  Some  of  the  large 
engines  on  the  Liverpool  and  Manchester  railway,  and 
several  upon  the  Newcastle  and  Carlisle  railway,  are  of 
the  latter  construction. 

M'  Pambour,  in  his  work  on  locomotive  engines,  in 
order  to  ascertain  the  adhesion  of  the  Liverpool  engines. 
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instances  an  experiment  made  with  the  Fury  engine, 
which  dragged  ten  vraggons,  weighing  51*16  tons,  and 
tender,  weighing  five  tons,  =56*16  tons,  up  the  Whiston 
inclined  plane,  without  slipping.  The  inclination  of  this 
plane  being  one  in  89,  this  load  will  be  equivalent 
to  244  tons  on  a  level,  or  equal  to  a  resistance  of 
1952  lbs.  The  weight  of  the  engine  was  8*20  tons,  two 
wheels  only  being  driven  by  the  pistons,  or  subjected 
to  adhesion,  the  weight  upon  which  was  5*5  tons. 
According  to  this  experiment,  therefore,  the  engine 
was  capable  of  dragging  a  weight,  upon  a  level  plane, 
equal  to  44^  times  the  pressure  upon  the  driving 
wheels,  or  that  the  force  of  adhesion  was  equal  to  g^  of 
the  adhering  weight. 

This  experiment  was,  however,  made  under  the  most 
favourable  circumstances,  when  the  rails  were  quite  dry, 
and,  therefore,  must  be  considered  as  the  maximum 
effect,  similar  to  Experiment  I.,  where  the  adhesion  was 
equal  to  one  seventh  part  of  the  weight.  Mr.  Pambour 
further  adds,  "  In  winter,  when  the  rails  are  greasy 
and  dirty,  in  consequence  of  damp  weather,  the  ad- 
hesion diminishes  considerably.  However,  except  in 
very  extraordinary  circumstances,  the  engines  are  al- 
ways able  to  draw  a  load  of  fifteen  waggons,  or  seventy- 
five  tons,  tender  included ;  that  is  to  say,  fourteen  times 
their  adhering  weight.  In  other  words,  the  resistance 
of  seventy-five  tons  being  600lbs.,  the  force  of  ad- 
hesion is  always,  at  least,  one-twentieth  of  the  adhering 
weight." 

We  have  been  favoured,  by  Mr.  T.  E.  Hariison, 
with  the  result  of  the  adhesion  of  the  locomotive  en- 
gines, upon  the  Stanhope  and  Tyne  railway. 

The  greatest  resistance  upon  that  line  of  railway,  where 
locomotive  engines  travel,  is  l^vel,  with  the  loaded 
waggons,  and  1  in  211,  ascent  with  the  empty  waggons. 
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The  engines  have  six  wheels,  four  feet  six  inches  in 
diameter,  four  wheels  coupled,  and  subjected  to  ad- 
hesion ;  the  weight  of  the  engines  about  eleven  tons, 
eight  tons  being  the  weight  upon  tlie  driving  wheels  ; 
cylinders,  fourteen  inches ;  eighteen  inches  stroke  of 
piston  ;  weight  of  tender  six  tons ;  and  the  friction  of 
the  waggons  about  nine  lbs.  per  ton. 

In  bad  weather,  these  engines  can  always  take  twenty- 
eight  waggons,  either  loaded,  upon  the  level ;  or  empty, 
up  the  gradient  of  1  in  211.  The  ordinary  number 
taken  is  thirty- two  waggons,  and,  in  fine  weather,  fre- 
quently forty  waggons ;  the  weight  of  the  waggons 
averages  thirty  cwt.  empty,  and,  when  loaded,  eighty- 
three  cwt. 

This  will  give  the  adhesion  as  follows : — 
Loaded  waggons j  on  a  level. 

28  loaded  waggons,  =  ^^ 
32         ditto       -  ^ 

40         ditto       -       _,,  , 

11*5 

72         ditto       -      -^  ih  is  being  the  great- 

est  load  ever  taken. 
Empty  waggons^  gradient  1  m  211. 

28  empty  waggons =^ 
32  ditto 

40  ditto       .    _j2.7 

72  ditto       -    =  7~  the  greatest  load  ever 

taken. 
On  the  Newcastle  and  Carlisle  railway,  there  are  about 
four  miles  with  an  average  rate  of  inclination  of  one 
in  107 ;  upon  this,  the  locomotive  engines  constantly 
travel,  with  forty  empty  coal  waggons,  weighing,  al- 
together, sixty-four  tons,  which,  with  the  tender,  makes 
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seventy  tons  ;  exclusive  of  the  weight  of  the  engine, 
which  is  thirteen  tons ;  the  entire  resistance,  includ-^ 
ing  the  gravitation  of  the  whole,  will  be  equal  to 
1737  lbs.  The  weight  of  the  engines  employed  for  this 
work  is  thirteen  tons,  upon  six  wheels,  four  feet  in 
diameter,  which  are  all  coupled,  and  driven  by  the 
pistons,  and,  consequently,  subjected  to  the  action  of 
adhesion.  This  gives  the  adhesion,  equal  to  the  one 
thirteenth  nearly  of  the  insistent  weight.  With  this  the. 
engines  constantly  travel,  every  day,  at  the  rate  of  about 
ten  miles  per  hour ;  on  some  days  fifty  waggons  are 
taken,  but  we  give  forty  waggons,  as  the  practical  every- 
day load. 

Upon  a  review  of  all  these  experiments,  and  observ- 
ations, we  are  incUned  to  adopt  the  conclusion  come  to 
in  the  former  Edition  of  this  work  ;  and  to  consider  the 
adhesion,  exclusive  of  the  power  requisite  to  drive  the 
engine  itself,  in  the  best  or  modem  engines,  as  equal  to-, 
the  one  fifteenth  part  of  the  insistent  weight ;  and  of 
the  common  engines,  working  with  vertical  cylinders,  • 
as  equal  to  the  twentieth  part  of  the  weight,  pressing  on 
the  rails  by  the  driving  wheels. 

Art.  2. — Table  of  the  Amount  of  Adhesion. 

We  shall,  therefore,  give  a  table  of  the  weight, 
which  the  adhesion  of  the  wheels,  of  a  locomotive 
engine,  will  enable  it  to  drag,  on  planes  of  different 
inclinations ;  but  in  doing  so,  we  shall  give  the  load  per 
ton  of  insistent  weight  of  the  driving  wheels.  As  the 
weights  of  the  driving  wheels  of  the  different  engines 
vary  so  considerably,  we  could  not  give  a  table  to  meet 
each  case ;  and,  therefore,  it  will  only  be  necessary,  in 
order  to  know  the  weight  which  any  engine  can  drag, 
upon  the  various  planes  given  in  the  Table,  to  multiply 
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that  weight  by  the  number  of  tons  of  insistent  pressure, 
of  the  driving  wheels,  upon  the  rails. 

Having  ascertained  the  proportion  which  the  power, 
that  enables  the  engine  to  effect  its  progressive  motion, 
bears  to  its  weight,  we  can  easily  calculate  the  accU- 
vities  which,  with  certain  weights,  will  present  resis- 
tances, corresponding  with  this  power.  Thus,  upon  a 
level  plane,  the  engine  will  overcome  a  resistance  equal 
to  the  fifteenth  and  twentieth  part  of  its  weight,  respec- 
tively }  or,  taking  the  friction  of  the  carriages  as  equal  to 
eight  pounds  and  a  half  per  ton,  or  equal  to  the  263d 
part  of  their  weight,  a  load  equal  to  Vr  ^^  W  of  its 
weight,  or  the  weight  acting  upon  the  driving  wheels. 
If  the  inclination  of  the  plane  be  such  that  the  weight 
be  equal  to  the  fifteenth  or  twentieth  part  of  its  lengtli, 
then  the  whole  adhesion  of  the  engine  will  be  required 
to  drag  itself  forward,  and  none  will  be  left  for  the  load, 
supposing  the  whole  weight  of  the  engine  disposed 
upon  the  driving  wheels.  If  this  is  not  so,  then  the 
engine  will  not  be  capable  of  propelling  itself  forward 
on  such  planes ;  and,  therefore,  in  planes  of  all  the 
intermediate  degrees  of  inclination  between  a  horizontal, 
and  that  which  the  engine  cannot  propel  itself  up,  the 
load,  which  the  engine  can  overcome,  will  be  inversely 
as  the  sine  of  the  angle  of  inclination,  added  to  the 
friction  of  the  carriages  and  tender. 

Column  1.  shews  the  inclination  of  the  plane  j 
column  2.  the  weight  which  a  pressure  of  one  ton, 
upon  the  driving  wheels  of  an  engine  will  drag  up  the 
several  planes,  taking  the  adhesion  as  equal  to  the  tenth 
part  of  the  weight ;  column  3.  shews  the  same,  the 
adhesion  being  taken '  as  equal  to  the  fifteenth  part  of 
the  weight ;  and  column  4.  the  same,  with  the  adhesion 
equal  to  the  twentieth  part  of  the  insistent  weight  on 
the  driving  wheels  of  the  engine. 
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Table  I. 


Load,  in  tons, 

Load,  in  tons. 

Load,  in  tons. 

Indination 

which  the 

which  the 

which  the 

adhesion  of  one 

adhesion  of  one 

adhesion  of  one 

of  the  Plane. 

ton  will  drag, 

ton  will  drag. 

ton  will  drag. 

i^h  of  weight. 

i^th  of  weight. 

^th  of  weight. 

Level. 

26*35 

17*57 

13*17 

1  in  4480 

24-89 

16*59 

12*44 

—  3360 

2421 

16*14 

1211 

—  2240 

23  58 

15*72 

11*79 

—  1680 

22*40 

14*93 

11*20 

—  1120 

21-33 

14*22 

10*66 

—  1000 

20-86 

13*90 

10*44 

—    900 

20-37 

13*58 

10*19 

—     800 

19-82 

13*21 

9*91 

—    700 

1914 

12*76 

9-58 

—    600 

18-31 

12*21 

9*16 

—    500 

17*25 

11*50 

8*63 

—    448 

16*59 

11*06 

8*29 

—    400 

15-88 

10*59 

7*94 

—    350 

15  03 

10*02 

7*52 

—    300 

14*03 

9*36 

7*02 

—     250 

12*83 

8*55 

6*41 

—    200 

11*37 

7*58 

5*68 

—     150 

9*56 

6*37 

4*78 

—     100 

7*25 

4*83 

3*62 

The  above  will  give  the  Umits,  to  which  the  nature  of 
their  action  restricts  the  application  of  this  kind  of 
engine ;  and  will  shew  upon  what  inclination  of  road 
they  can  be  used.  This  will,  of  course,  vary  with  the 
weight  of  the  engine,  and  the  load  which  it  has  to 
overcome.  But,  in  every  case,  making  K=the  weight 
of  the  engine,  or  of  the  weight  acting  upon  the  driving 
wheels,  if  the  total  resistance,  arising  either  from  the 
gravity  of  a  certain  elevation  of  plane,  or  from  the  fric- 
tion of  the  carriages,  or  from  both  combined,  do  not 
exceed  -^  or  ^,  the  adhesion  of  the  wheels  will  be 
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suflScient  to  enable  the  engine  to  effect  a  progressive 
motion,  in  all  states  of  the  weather,  without  slipping,  and 
in  fine  weather  equal  to  -^.  It  is  scarcely  necessary  to 
observe,  with  respect  to  the  standard  of  ^,  that  it  has 
been  obtained  when  the  rails  were  in  the  worst  state,  or 
presented  the  least  power  of  adhesion.  This  occurs,  as 
previously  stated,  when  the  rails  are  partially  wet,  and, 
in  that  state,  generally  covered  with  a  film  of  mud. 
When  they  become  completely  wet  or  dry,  the  power  of 
adhesion  is  very  considerably  increased.  It  is,  there- 
fore, only  on  particular  occasions  that  this  occurs,  and, 
generally,  for  very  transient  periods,  such  as  the  com- 
mencement of  rain,  and  before  the  rails  are  quite  wet ; 
or,  after  rain,  when  the  rails  are  semi-dry,  on  a  thaw, 
after  hoar  ^  frosts,  or  on  a  foggy,  damp  day,  when  the 
deposit  of  rain  is  not  sufficient  to  completely  wet  the 
rails.  On  other  occasions,  the  power  of  adhesion  may 
be  generally  assigned  to  be  ^,  and  in  fine  weather  ^ 
Those  engines  may,  therefore,  be  often  made  ta  work 
with  loads,  beyond  that  which  the  power  of  adhesicm, 
assigned  by  column  3.  and  4.  of  this  table  will  perfc^ro, 
and  for  several  days  together.  Still,  we  think,  it'wili 
always  be  advisable,  on  account  of  the  injury  done  to 
the  wheels  and  rails,  by  even  partial  slipping,  to  keep 
the  load  within,  rather  than  beyond,  the  limit.  We 
have  very  conclusive  experience,  in  a  case  previously 
adduced,  of  the  wear  of  the  wheels  of  the  KillingWdil}i 
engines;  the  wear  of  the  light  engines,  which  slipped 
more  frequently,  being  greater,  in  the  proportion  »C)f- 1*5 
to  1,  than  the  heavier  engines,  with  larger  wheels^  trtiidi 
were  less  liable  to  slipping ;  and  we  find,  also,  thatth^wear 
of  wheels  upon  the  Stanhope  and  Tyne  railway,  wilMe 
the  engines  take  always  a  maximum  load,  and  nrlj^pe 
the  liability  to  slip  is  increased,  is  in  the  proportiotr  of 
one  third  greater  than  upon  the  Newcastle  and  Carlisle 
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railway^  with  the  passenger  and  go6ds  trainis,  where 
the  load  is  not  so  great  The  distance  which  one  set  of 
wheels  travel,  undl  the  tire  requires  turning,  being,  on 
the  former  railway  15,000  miles,  and  on  the  latter 
upwards  of  S0,000  miles. 

Art.  3. — Friction  of  Engines  unloaded. 

When  the  first  edition  of  this  work  was  published, 
locomotive  engines  had  engaged  little  of  public  attention ; 
they  were  exclusively  used  on  private  railways  for  the 
conveyance  of  coals,  at  slow  rates  of  speed,  and  where 
economy  of  fuel  was  no  object.  The  opportunities  of  sub- 
jecting them  to  experiment  were,  therefore,  few,  and  not 
of  that  nature  to  develope  all  the  capabilities,  which 
subsequent  experience  has  shewn  them  to  have  been 
susceptible  of.  So  far,  however,  as  we  then  had  an 
opportunity  of  eliciting  their  powers,  either  by  observa-^ 
tion  or  experiment,  we  availed  ourselves,  and  the  result 
was  then  communicated  to  the  public.  This,  however, 
went  no  further,  than  to  shew  that  they  were  then 
capable  of  dragging  forty  tons,  on  a  level  railway,  at  the 
rate  of  six  miles  an  hour. 

Six  years  afler  this,  and  when  the  second  edition  of 
this  work  was  published,  those  engines  had  but  very 
recently  been  improved,  and  to  a  very  important  extent, 
by  the  adoption  of  tubular  boilers.  At  that  time,  how- 
ever, those  improved  engines  having  been  a  very  short 
time  in  use,  their  powers  had  not  been  fully  developed, 
few  experiments  had  been  made  upon  them,  and,  there- 
fore, this  edition,  though  giving  all  the  information  we 
could  then  obtain  on  the  subject»  fell  fax  short  of 
illustrating  all  the  powers,  capabilities,  and  properties 
of  these  engines.     The  short  period,  however,  during 
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which  those  engines  had  been  in  use»  at  that  time, 
proved  that  they  were  then  capable  of  conveying  a 
gross  load  of  thirty  to  forty  tons,  on  a  level  railway,  at 
the  rate  of  fifteen  miles  an  hour.  Since  that  period 
improvements  have  been  made  in  those  engines,  but  not 
by  any  means,  however,  to  the  extent  of  what  had  pre- 
viously been  done.  Their  powers  have  not  been  much 
increased,  but  they  have  been  made  more  per&et^en- 
^es,  and  several  defects,  operating  upon  their  economy, 
have  been  remedied.  During  all  this  time,  though  several 
detached  observations  and  experiments  had  been  made, 
no  regular  series  of  experiments,  to  fully  develope  the 
powers  and  properties  of  these  engines,  seems  to  have 
been  undertaken  to  bring  before  the  public  that  infor- 
mation which  so  important  a  subject  demanded. 

The  Liverpool  and  Manchester  railway  being  the 
first  established,  with  the  improved  locomotives,  no  im- 
portunity existed,  consistent  with  our  engagements  else- 
where, to  pursue  those  experiments,  upon  the  improved 
engines,  which  we  had  previously  done  upon  the  engines 
within  our  reach.  This  has,  however,  been  done ''  by 
Mr.  Pambour,  a  French  engineer,  through  the  liberality 
of  the  directors  of  that  railroad,  and  as  his  experiments 
have  been  very  judiciously  conducted,  and  suflSctentiy' 
extended  to  embrace  the  whole  subject,  we  shall  avail 
ourselves  of  that  source  of  information,  and  which^  com« 
bined  with  tiiat  obtained  from  other  sources,  will,  wetklist, 
enable  us  to  place  before  the  reader  almost  all  the  infoF* 
mation  necessary  on  the  subject.  We  shall,  first  of  all; 
give  some  experiments,  made  to  ascertain  the  friction  of 
the  engines,  or  the  resistance  which  the  working  parts 
of  the  engine  oppose  to  the  power  applied  to '  t|ie 
pistons,  when  the  engines  are  without  a  load.  '      "  "  ' 
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a. — Killingivorth  Engines. 

Upon  the  same  plane  or  piece  of  railroad,  described 
in  Experhnent  IL,  Chap.  VII.,  with  a  descent  of 
eleven  feet  two  inches  in  388  yards,  five  loaded  car- 
riages, each  weighing  9408  lbs.,  were  allowed  to  descend 
freely,  as  explained  in  that  experiment;  which  they 
performed  in  1^  seconds.  We  then  had  them  drawn 
up  the  plane  again,  and  attached  the  engine  to  them» 
shutting  off  the  communication  between  the  boiler  and 
the  cylinders,  so  that  the  steam  could  not  act  upon  the 
pistons,  either  to  accelerate  or  retard  the  motion  of  the 
engine,  the  top  and  bottom  of  the  piston  being  alter- 
nately open  to  the  atmosphere  ;  the  only  obstructi<m  to 
the  motion  of  the  engine  down  the  plane  was,  then,  the 
friction  of  the  various  moving  parts.  The  carriages 
and  engine  were  allowed  to  descend  the  plime  freely, 
which  occupied  150  seconds,  making  the  obstruction  of 
the  engine  to  the  gravitating  force  of  the  waggons 
equal  to  thirty  seconds. 

The  weight  of  the  engine  and  convoy  carriage  toge- 
therwas  nine  tons=20,l60lbs.,  to  which  add,  for  the 
rotatory  motion  of  the  wheels,  1800  lbs.,  a 21,960  lbs., 
the  carriage  weighing  94>08  lbs.,  and  for  resistance  of 
the  rotation  of  wheels  747  lbs. ; =10, 155  x  5  =50,785+ 
31,960    7%7S5  lbs.,  the  mass  in  motion. 

Then  the  retardation,  caused  by  the  friction  of  the 
whcde,  will  be  ^         s  on 

theorem  (8.)  f  =  w  +«;  sin.  i—  ^^"^y^^-^lO^lba, 

the  friction  of  engine  and  carriages.  By  Experiment  II., 
we  have  the  friction  of  the  carriages,  39*35  x  5=196*7'5 ; 
whence  410*7 — 1967=214lbs.,  the  flriction  of  all  the 
moving  parts  of  the  engine. 
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5. — Liverpool  Engines. 

Mr.  Pambour  made  several  experiments,  on  the  re- 
sistance of  engines  unloaded,  both  with  the  d3n[iamome^ 
ter;  and  likewise  by  endeavouring  to  ascertain  the 
minimum  pressure,  per  square  inch,  on  the  piston, 
which  would  just  move  the  engine.  Both  these  modes 
were  subject  to  great  irregularities ;  the  first,  in  the  os- 
cillation of  the  index  of  the  dynamometer,  from  the 
inequalities  of  the  road,  and  the  difficulty  of  preserving 
a  uniform  force  of  traction ;  and  the  latter,  from  the 
extreme  difficulty  of  keeping  the  pressure  of  steam^  in 
the  boiler,  uniform.  No  dependance,  therefore,  can  be 
placed  upon  those  experiments,  to  fix  a  standard  of  re- 
sistance for  these  machines. 

The  experiments  performed  upon  the  Sutton  inclined 
.plane,  on  the  Liverpool  railway,  by  causing  the  engine 
to  descend  by  its  gravity,  and  ascertaining  the  distance  it 
passed  over  on  the  level  at  the  foot  of  the  plane,  in  a 
similar  manner  to  that  by  which  the  friction  of  the  car- 
.riages  was  ascertained,  being  a  much  more  accurate 
mode  of  determining  the  resistance,  we  shall  give  those 
.experiments ;  as  we  consider  them  the  most  accurate 
mode  to  establish  a  standard,  for  the  friction  of  the  im- 
proved engines,  when  not  loaded. 

The  engine,  Jupiter,  was  placed  upon  the  p]Uucie  at 
the  stake,  No.  0,  and  left  to  descend  by  its  gravity. 
Being  first  separated  from  the  convoy  carriage,  it  tn- 
< versed  a  distance  of  6189  feet,  before  stopping,  the 
total  descent  being  36*78  feet.   The  weight  of  the  engine 

86*78  X  7*00 
was  7-90  tons.   Consequently  — '^'      =105  lbs.,  the 

friction  of  the  engine,  without  convoy,  the  velocity 
being  from  nme  to  ten  miles  an  hour,  two  wheels  being 
driven  by  the  steam. 
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Atlas  engine,  being  similarly  subjected  to  experi- 
ment, traversed  5454  feet;  difference  of  level,  32*07  feetf 

weight  of  engine,  11*42  tonsj  therefore,         l,^^^ 

5454 

^150  lbs.,  the  friction  of  the  engine,  without  con- 
voy. Mean  velocity  eight  to  nine  railes  an  hour.. 
In  this  engine,  four  of  the  wheels  are  driven  by  the 
steam. 

The  same  machine,  having  been  repaired,  and  the 
joints,  iii  consequence,  not  being  smooth,  was  placed, 
upon  the  plane,  and  was  found  to  traverse  only  4665  feet,: 
the  descent  being  35*40  feet ;  the  friction  was,  there- 
fore, found  to  be  194  lbs. 

Vesta  engine  was,  likewise,  tri^,  after  having  been 
repaired,  and  found  to  traverse  3663  feet;  descent, 
85*07  feet ;  the  weight  of  engine,  8*71  tons.  Conse-. 
qiiently,  the  friction  was  187  lbs.,  without  convoy;  two 
wheels  driven  by  steam. 

Fuiy  engine,  weight  8-20  tons,  traversed  5988  feet ; 
descent,  36'68  feet ;  therefore,  friction  113  lbs.,  without 
convoy. 

Vulcan  engine,  weight  8-34  tons,  traversed  5391 
feet;  descent,  36*52  feet;  friction,  127 lbs.,  without 
convoy. 

Leeds  engine,  weight  7.07  tons,  travetsed  5472  feet ; 
descent,  36-32  feet;  friction,  without  convoy,  105  lb3. 

Same  engine  traversed  5061  feet;  descent,  35*86 
feet  \  friction,  112  lbs.,  without  convoy. 

c Table  of  the  Friction  of  Engines j  without  a  Load. 

The  following  Table  will  shew  the  result  of  these. 
Experiments  :-^ 
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Table  II. 


Names 

of 
Engines. 

Friction  of  Locomotive  Engines,  unloaded. 

Diameter 

of 
Cylinder. 

Length 

of 
Stroke. 

Diameter 

of 
Wheels. 

Weight 
Engine. 

Amount 

of 

Friction 

in  lbs. 

Frictioni 

in  lbs., 

per  Ton. 

Hetton  Engine   - 

Jupiter 

Atlas 

Fury         •         <m 

Vulcan 

Leeds 

Vesta        - 

• 

Mean       . 

inehet. 
9 

11 

12 

11 

11 

< 

11 

Hi 

inches, 
24 

16 

16 

16 

16 

16 

16 

feet. 
3*08 

5 

5 

5 

5 

5 

5 

tone, 
9* 

214 
105 
150 
113 
127 
108 
187 

23*8 
13*3 
13-2 
13*9 
15'4 
15'2 
30*0 

7'90 
11*40 
8*20 
8*34 
7*07 
8*71 

— 

— 

8*6 

132 

lfi*f 

The  result  of  these  experiments  is,  that  the  friction 
of  the  engines  is  in  the  inverse  ratio  of  the  diameter  of 
the  wheels,  when  unloaded,  and  nearly  in  proportion  to 
their  weight.  The  average  friction  of  the  Liverpool 
engines  is  15*S  lbs.  per  ton,  with  five  feet  wheels ;  and 
of  the  Hetton  engine,  with  3*08  feet  wheels,  23*8  lbs. 
per  ton ;  now,  in  inverse  ratio,  as  5  :  15*2  :  308 :  24*6. 

Mr.  Fambour  concludes,  from  these  experiments^ 
that  engines,  with  the  four  wheels  coupled  together, 
and  worked  by  the  steam,  present  more  resistance  than 
engines  with  only  two  wheels,  worked  by  the  steam ; 
and  instances  the  case  of  the  Atlas,  giving  152  lbs. 
friction,  which  is  much  more  than  the  others ;  but  he 
appears  to  have  overlooked  the  circumstance,  that  the 
Atlas  was  a  much  more  powerful,  and^  consequeAthp", 
heavier  engine,  and  that  the  friction,  per  ton,  of  that 
engine,  is  less  than  the  average  of  the  others. 
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We  may,  therefore,  from  these  experunents,  take,  in 
practice,  the  friction  of  those  engines,  unloaded,  at 
15  lbs.  per  ton,  with  five  feet  wheels ;  and  assume,  Uiat 
this  amount  of  friction  will  vary,  according  to  the 
weight  of  the  engine,  and  the  diameter  of  the  wheels. 

Art  4. — Friction  of  Engines  loaded. 

Having,  therefore,  found  the  friction  of  the  engines 
imloaded,  we  have  now  to  ascertain  their  friction  when 
they  are  employed  in  dragging  loads  after  them,  or  that 
part  of  the  power  applied  to  the  pistons  which  is  requisite 
to  propel  the  engine  itself.  In  the  consideration  of  this, 
the  circumstances  are  materially  different  from  that  of 
the  single  attrition  of  all  the  parts  of  the  machinery,  the 
entire,  resistance  to  the  motion  being,  in  that  case^ 
simply  its  own  weight.  When  those  engines  are  em* 
ployed  in  dragging  loads  after  them,  that  part  of  the 
power  required  to  produce  a  progressive  motion  in  the 
load  ItseL^  as  well  as  that  of  the  engine,  has  to  be 
transmitted  from  the  impelUng  to  the  impelled  part  of 
the  engine,  or  from  the  pistons  to  the  wheels  upon  the 
rail,  through  all  the  intermediate  machinery  j  and  this 
pressure,  acting  upon  all  the  various  parts  of  the  engine, 
forming  the  connection  between  these  two  points,  will 
nece^i^arily  produce  friction,  and,  consequently,  add  to 
the  resistance ;  and  this  will  be  greater,  when  the  engine 
j&hieavily^  than  when  lightly  loaded,  being  in  proportion 
to  the  pressure  thrown  by  the  load  upon  all  the  inter- 
mediate machinery. 

Tl^j^  total  amount  of  friction  will,  however,  depend 
upon,  the  extent  and  number  of  the  moving  parts  of  the 
engine ).  and  this  will  be  always  the  same,  in  one  revolu« 
tion  of  these  wheels,  or  in  one  complete  stroke,  whatever 
t)e  the  progressive  motion  of  the  engine  in  that  revolu- 

1 1  4 
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tion,  estcept  what  arises  from  the  rolling  cf  the  wheels 
upon  the  rail. 

For^  suppose  the  engine  made  to  rest  upon  the  &xles» 
the  wheels  not  touching  the  rails ;  if,  then,  we  turn  the 
wheeb  once  rounds  we  shall  have  caused  the  pistons  to 
make  a  complete  stroke,  and  all  the  parts  of  the  engine 
to  have  performed  one  entire  operation*  Now^  this  will 
require  the  exertion  of  a  certain  force,  and  if  we  repeat 
this,  as  often  as  we  make  one  revolution  of  the  wheels, 
precisely  the  same  degree  of  force  will  be  required.  If 
we  now  place  the  wheels  upon  the  rails,  and  push  the 
engine  along,  until  the  wheels  make  one  revolution,  it 
is  clear,  (if  we  set  aside  the  resistance  of  the  wheds 
upon  the  rails,)  that  the  same  amount  of  force  will  be 
expended  to  cause  an  entire  revolution  of  all  the  parts 
of  the  engine,  whatever  may  be  the  diameter  ci  the 
wheels.  If,  therefore,  having  three  feet  wheels,  we 
remove  them,  and  substitute  four  feet  ones,  the  amount 
of  friction,  arising  from  the  moving  parts  of  the  engine, 
(except  what  arises  from  the  wheels  upon  the  rails,) 
will  be  the  same  during  each  revolution  of  the  engine, 
while  the  progressive  motion  or  space  described  will  be 

as  12  :  9« 

.  The  qutmtity  of  friction,  compared  with  the  progres- 
sive motion  of  the  engine,  will,  therefore,  have  been 
diminished  in  that  ratio,  by  using  wheels  of  three,  and  of 
four  feet  respectively.  It  is,  however,  necessary  to  notice, 
that  the  force  required  upon  the  pistons,  to  give  metioD 
to  the  machinery,  and  load,  will  always  be  as  the 
diameter  of  the  wheels  directly,  and  will,  therefo(re»  .be 
increased  in  the  direct  ratio  of  an  increase  of  diameter 
of  the  wheek ;  and,  therefore,  the  diameter  of  the 
wheels  must  be  always  proportioned  to  the  velocity  it  is 
intended  to  travel. 
.  With  a  view  of  ascertaining,  practically,  the  effect  of 
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different  sized  wheels  upon  the  same  engine,  and^ 
likewise,  the  effect  of  different  loads,  and  thereby  to 
determine  the  fnction  of  the  engine,  we  commenced  in 
18£4  a  series  of  experiments  on  the  Kiliingworth  rail- 
road with  the  engines  used  thereon ;  and,  by  varying  both 
the  load  and  rate  of  ^eed,  we  were  enabled  to  determine 
the  relative  performances,  on  all  these  points. 

With  the  expectation  of  reducing  the  fnction,  we  had 
previously  aflSxed  larger  travelling  wheels  to  the  engine. 
By  experimenting,  therefore,  upon  the  same  engine,  with 
differ^it  sized  wheels,  we  were  not  only  enabled  to 
prove  the  relative  performances  of  wheels  of  different 
diameters,  but  also  to  ascertain  the  actual  amount  of 
friction,  inherent  to  the  engine  itself. 

The  following  Tables  will  shew  the  result  of  these 
experiments. 

fl. — Kiliingworth  Engines. 

Account  of  some  Experiments,  made  on  the  per- 
formance of  Locomotive  Engines,  upon  the  Killing- 
worth  Railroad,  in  1824. 

Length  of  plane  2260  yards,  with  an  ascent,  in  one 
direction,  of  six  feet  five  inches ;  not  uniform,  varying 
from  a  dead  level,  or  slightly  undulating,  to  an  ascent, 
in  one  place,  of  1  in  330  ;  edge-rail,  2^  inches  broad 
on  the  surfiice ;  carriages,  all  the  same  construction, 
weighing  81^  cwt.  each ;  wheels,  34  inches  in  diameter ; 
axles,  2|  inches  in  diameter. 

No.  I. — ^Locomotive  engine,  of  the  construction  re- 
presented in  Nos.  5  and  6,  page  9Q5  ;  length  of  boiler, 
eight  £eet ;  diameter,  three  feet  nine  inches ;  diameter 
of  tube,  in  which  the  fuel  is  placed,  twenty  inches,  with 
two  cylinders,  nine  inches  in  diameter  each ;  wheels  of 
different  diameter,  as  explained  in  the  following  Table ; 
steam,  50  lbs.  per  square  inch. 
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Table  III. 


• 

Experiment  I. 

Experiment  II. 

Experiment  HI. 

3*feet    wheels ;   9 

44eet    wheels ;    9 

4-feet  wheds ;  12 

carriages,  weigh- 

carriages, weigh- 

carriages, weir- 

Ji 

ing  73i  cwt. 

ing  73i  cwt. 

ing  975  cwt. 

Up  the 

Down  the 

Up  the        Down  the 

Up  the 

Down  the 

1 

1 

plane. 

plane. 

plane. 

plane. 

plane. 

plane. 

.5$ 

8  g 
PI 

1 6 

--2 
34 

la 

Si 

II 

• 

Is 

23 

31 

18 

40 

19 

28 

16 

16 

34 

16 

34 

;  2 

23 

83 

18 

40 

16 

34 

16 

34 

20 

27 

16 

S4 

s 

22 

83 

19 

38 

16 

34 

17 

32 

18 

30 

14 

38 

4 

22 

33 

16 

45 

16 

34 

15 

35 

17 

32 

16 

34 

5 

27 

27 

18 

40 

16 

34 

14 

38 

16 

34 

14 

38 

6 

22 

23 

16 

45 

16 

34 

14 

38 

16 

34 

14 

38 

7 

26 

28 

20 

36 

17 

32 

14 

38 

17 

32 

15 

35 

8 

25 

28 

19 

38 

14 

38 

12 

45 

18 

30 

15 

35 

9 

22 

23 

19 

38 

14 

38 

13 

41 

17 

32 

13 

41 

.10 

25 

28 

19 

38 

16 

34 

13 

41 

11 

19 

38 

20 

36 

17 

32 

16 

34 

12 

21 

34 

20 

36 

17 

32 

15 

35 

IS 

21 

34 

18 

40 

16 

34 

14 

38 

14 

80 

36 

18 

40 

16 

34 

13 

41 

15 

16 

34 

11 

49 

16 

13 

41 

12 

45 

17 

15 

35 

14 

38 

18 

16 

34 

13 

41 

19 

t 

39 

16 

34 

13 

41 
39 

817 

32 

258 

302 

34 

265 

155 

32 

133 

36 

Distance  trayersed. 

Distance  traversed, 

Distance  traversed. 

36   miles,  in    9 

48*8  miles,  in  9 

23    miles    in    4 

hours  S5   min. ; 

hours  27   min.; 

hours   48  min.; 

coals  consumed, 

coals  consumed. 

coals  consumed. 

2554 lbs.;  water, 

2534 lbs.;  water. 

1546 lbs.;  water. 

890  gallons— 93 

854    gallons   = 

452  gallons  =94 

• 

gallons  per  hour. 

90 '4  gallons  per 

gallons  per  hour« 

■ 

hour. 
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No.  II. — LfOcomotive  engine,  similar  construction  as 
the  preceding,  except  in  the  dimensions  of  the  boiler 
and  tube.  Length  of  boiler,  nine  feet  two  inches; 
diameter,  four  feet ;  and  diameter  of  tube,  twenty-two 
inches;  cylinders,  each  nine  inches;  wheels,  as  per 
following  Table ;  steam,  50  lbs.  per  square  inch. 

Table  IV. 


Experiment  IV, 

EXPEEIMENT  V. 

«« 

3-feet  wheels,  9  carriages^ 

4-feet  wheels,  12  carriages, 

weighing  731^  cwt. 

weighing  975  cwt 

Up  the  plane. 

Down  the  plane. 

Up  the  plane. 

Down  the  plane. 

Time  in 
min. 

Strokes 
per  min. 

Time  in 
min. 

Strokes 
per  min. 

Time  in 

■ 

Strokes 
per 
min. 

Time  in 
min.  sec 

Strokes 
per 

1 

17 

42 

16 

45 

11     40 

34 

9      4 

44 

s 

20 

36 

18 

40 

9     20 

43 

8       5 

49 

s 

21 

S4 

18 

40 

8     22 

47 

7     40 

51 

4 

21 

34 

18 

40 

8     16 

48 

7     42 

51 

5 

23 

32 

18 

40 

8     10 

49 

7     55 

50 

6 

23 

32 

18 

40 

— 

— 

— 

— . 

7 

21 

34 

18 

40 

— 

— 

— 

— 

8 

21 

34 

18 

40' 

— 

— 

— 

— 

9 

23 

32 

19 

38 

— 

— 

— 

— . 

10 

22 

33 

19 

38 

— 

— 

— 

— 

212 

34 

180 

40 

45     48 

43 

40     26 

49 

Dista 

koce,  each  journey^  2260  yards. 

Distance,     each     journey. 

To 

tal,  26  miles.    Ascent,  6  feet 

2002  yards.  Total,  11-375 

5i 

nches ;  time,  5  hours  32  min. ; 

miles.     Distance    passed 

ecu 

ds  consumedi  1487  lbs. ;  water, 

over  in  the  above  time^ 

49( 

[)  gallons. 

1663  yards  in  each  jour- 

ney, or  9-45  miles ;  time. 

1  hour  26  min.  14  sec. ; 
coals  consumed,  587  lbs. ; 

water,  200  gallons. 
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The  pfreceding  experiments  were  made  upon  a  piece 
of  railroftd,  with  a  nearly  uniform  inclination ;  the  rails 
were  not  of  the  most  modem  constructiout  and  would, 
therefore,  in  some  places,  present  considerable  obstruc- 
tion to  the  wheels  of  the  carriages.  The  experiments 
were  performed  with  the  strictest  regard  to  accuracy ; 
the  coals  were  measured  by  a  standard  coal  tub,  strike 
measure ;  and,  to  be  certain,  with  regard  to  the  weight, 
several  tubs  were  also  weighed,  and  the  difference  of 
weight,  which  was  scarcely  worth  noticing,  averaged* 
The  water  was  also  carefully  measured. 

In  the  first  four  experiments,  the  time  was  marked, 
when  the  engine  began  to  move  from  the  end  of  the 
plane,  so  that  the  force  required,  and  also  the  delay 
occasioned,  by  putting  the  carriages  into  motion,  was 
included.  No  attempt  was  made  to  augment  the  speed 
of  the  engine,  to  the  greatest  that  could  be  performed, 
our  object  being,  to  ascertain  the  relative  performances, 
with  (Afferent  wheels,  and  different  loads.  We,  there- 
fore, endeavoured  to  keep  up  a  speed,  as  equable  as 
possible ;  and,  in  doing  so,  had  frequently  to  regulate 
and  check  the  velocity,  to  obtain  the  same  number  of 
strokes,  per  minute,  in  each  experiment 

In  the  fifth  experiment,  the  engine  was  allowed  to 
traverse  a  given  space,  to  put  the  train  of  carriages  into 
their  proper  motion,  before  the  time  was  noticed ;  the 
time  was  then  marked,  until  the  velocity  was  again 
checked,  at  the  &rther  end  of  the  stage  j  this  will  ex- 
plain the  difference  between  the  two  distances,  tnen- 
tioned  in  that  experiment.  The  one  was,  the  whote  dis- 
tance, from  the  commencement  to  the  end  of  the 
stage ;  the  other  was,  that  part  of  the  stage,  which  tjie 
engine  passed  over,  when  the  regular  velocity  was  ac^ 
quired,  and  before  the  velocity  was  again  diminished, 
at  the  end  of  the  stage,  to  stop  the  train.    The  time 
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given  in  the  Table  was  that  which  transpired^  while 
the  engine  was  passing  over  that  part  of  the  stage>  while 
the  velocity  was  uniform^  and  may,  thereforet  be  taken 
as  a  measure  of  speed. 

Experiments  I.  and  II.  were  made*  to  ascertain  th6 
effect,  with  wheels  of  different  diameters.  The  engine 
was  the  same  in  each  experiment ;  the  only  alteration 
made,  was  taking  the  three  feet  wheels  from  off  the 
axles  of  the  engine,  and  replacing  them  with^  wheels 
four  feet  in  diameter.  The  experiments  were  made 
upon  the  same  stage  of  the  railroad,  and  every  care  was 
taken  to  make  the  experiment  an  accurate  comparison 
of  their  relative  effects. 

On  examining  these  experiments,  it  will  be  found, 
that  when  the  consumption  of  coals,  and  weight  pro- 
pelled, remained  the  same. 
No  I  enmne  fS-feetwheels,"!  traversed  the  ("36  miles. 

with  1  r  ^^^P^cave  ^ 

[,4-feet wheels,  J  distances  of  (^48*8  miles. 
Whence  we  find,  that  with  the  same  quantity  of  fuel, 
the  distance  traversed  by  the  engine,  with  different 
•sized  wheels^  is  in  the  ratio  of  the  diameter  of  these 
wheels,  when  the  load  is  the  same,  in  both  cases. 
.  The  consumption  of  fuel,  when  every  circumstance 
remamed  the  same,  being  as  the  space  passed  over ;  then, 
as  63,280  yards  (the  space  passed  over  in  Experi- 
ment I.) :  2534  lbs.  (the  coals  consiuned)-*  85,880  yards 
(the  space  passed  over  in  Experiment  II.) :  3439  lbs., 
the  coals  which  would  have  been  consimied  in  Experi- 
ment I.,  in  traversing  85,880  yards.  The  relative  con- 
sumption of  coals  will  then  be— 
...         .        f  d-feet  wheels,  1  distance  and  load  f3439  lbs. 

tith^*'°!l  I    the  same  in  each] 

(^  4-feet  wheeb,  J     experimenti         [2534  lbs. 

From  which  we  have  the  relative  consumption  of 
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fuel  by  the  same  engine,  with  three  and  four  ieiet 
wheels,  as  3439  :  ^^34 ;  which  is  nearly  in  the  inverse 
ratio  of  their  respective  diameters- 
It  may  appear  paradoxical  to  some,  that  by  increas- 
ing the  wheels,  the  engine  was  enabled  to  pass  over  a 
greater  distance,  without  any  loss  of  effect,  and  might 
lead  to  a  supposition,  that  by  making  the  wheels  ex- 
tremely large,  the  engine  might  travel  with  very  little 
power  at  all ;  but,  when  duly  considered,  it  will  prove 
very  consonant  with  reason,  and  what,  from  the  nature 
o£  the  action  of  these  machines,  we  might  have  been  led 
to  expect 

Before,  however,  explaining  this,  it  will  be  necessary 
to  ascertain  the  amount  of  the  friction  of  the  engines 
in  the  two  cases.  In  Experiment  III.,  the  consump- 
tion of  coals,  for  conveying  97^  cwt  23  miles,  was 
1546  lbs.;  in  Experiment  I.,  the  consumption  was 
2534  lbs.  Now,  if  1546  lbs.  convey  975  cwt  23  miles, 
2534  lbs.  would  convey  the  same  weight  37*7  niiles, 
for,  as  1546  :  2534  : :  23  :  377  miles. 

The  same  engine,  therefore,  with  the  same  fud,  pro- 
pelled 975 — 7Slf =243^  cwt,  or  three  carriages  addi- 
tional, by  the  substitution  of  four  feet  wheels.  The  fric- 
tion of  three  carriages  will  be  about  120  Ibs.^  and, 
therefore,  the  diminution  of  friction  would  have  been 
120  lbs.,  had  the  distance  travelled  been  the  same;,  but^ 
with  the  four  feet  wheels,  the  distance  travelled .  was 
37*7  miles,  while,  with  the  same  fuel,  the  distaoice^.by 
iihe  three  feet  wheels,  was  only  36  miles ;  this  will  be 
an  additional  effect  of  37*7  •  36.  Hence,  as  the  friction 
of  97^  cwt.  is  480  lbs.,  (or  40  lbs.  each  carriage^)  we 
have  480  x  ^  ^=^602  lbs.,  the  resistance  overcome^  ex- 
clusive of  that  of  the  engine,  with  four  feet  wheels.  The 
weight  taken  by  the  three  feet  wheels  was  731  f  cwt^ » 
360lbs.Tesistance;  whence,  520— 360  =  142  lbs.,  the 
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increase  of  effect,   by  the  substitutioa  of  four  feeft 
wheels. 

Now,  as  the  increase  of  effect  could  only  arise  from 
a  diminution  of  friction  in  the  engine,  this  diminution 
was  effected  by  an  increase  of  one  foot  in  the  diameter 
of  the  wheels ;  they  being,  respectively,  three  and  four 
feet  in  diameter.  Hence,  we  may  suppose,  that,  in  the 
application  of  four  feet  wheels,  one  fourth  of  the  re- 
sistance of  the  engine,  in  passing  over  the  same  space, 
was  annihilated.  Whence,  142x4=568  lbs.,  the  total 
amount  of  friction  of  the  engine,  with  three  feet  wheels 
and  as  4 : 3  : :  568 :  426  lbs.,  the  friction  of  the  engine, 
with  four  feet  wheels,  at  the  velocity  of  six  miles  an 
hour. 

We  see,  therefore,  the  reason,  why  the  same  quantitf 
of  fuel  produced  different  effects,  with  three  and  four 
feet  wheels ;  in  the  former,  the  friction  was  568  lbs.  ^ 
increasing  the  wheels  to  four  feet  diminished  that  fri6> 
tion  to  426  lbs.,  and  this  diminution  of  friction,  ec[ual  to 
142  lbs.,  amounts  to  more  than  the  resistance  of  the 
difference  of  loads  taken,  or244'CWt.  In  making  this 
experiment,  it  will,  however,  be  seen  that  no  alterati<m 
took  place  in  the  axles,  or  in  any  other  of  the  woiking 
parts  of  the  engine,  while  the  strain  would  vary  con- 
siderably between  three  and  four  feet  wheels.  By  fiirther 
enlarging  the  wheels,  therefore,  a  corresponding  increase 
of  effect  will  not  take  place ;  as,  if  the  wheels  be  farther 
enlarged,  the  diameter  of  the  axles,  and  all  the  other 
working  parts  of  the  engine,  subjected  to  an  increased 
strain,  should  also  be  strengthened,  so  as  to  compensatef 
for  the  additional  strain ;  and  that  increase  requiring  to 
be  in  the  direct  ratio  of  the  strain,  the  friction  of  the 
axles  ai^d  those  parts  will  remain  the  same,  and,  cont> 
sequently,  no  diminution  of  resistance  will  be  thus 
produced  by  the  enlargement  of  the  wheels*     But,  vA 
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would,  in  the  length  of  the  plane,  produce  a  velocity  of 
15*34  miles  an  hour. 
We  have   previously   determined  this  force  to  he 

8  O 

w-i-t^  SQ  xs  J  reckoning,   therefore,  the  resistance  for 

the  rotation  of  the  wheels  w  \%  the  same  as  heretofore, 
viz.,   187  Ihs.   for  each  wheel,   we  have  w+to  r§  = 

115,922  lbs.,  and  <  =  — ;  hence  ^!^±!£i|^^=i2Slbs., 

the  power  acting  on  the  train  which  would  produce  a 
velocity  of  15*34  miles  an  hour  in  the  length  of  the 
plane;  therefore  350+ 123=473  lbs.,  the  friction  of  the 
engine,  or  twenty-two  per  cent,  of  the  power  with  a 
load  of  1506— 123 =1383  lbs.  at  a  mean  velocity  of 
11*42  miles  an  hour. 

Same  engine  on  the  Whiston  plane,  length  7761  feet, 
average  rate  of  inclination  -^V  '•  with  nine  first  class 
carriages,  two  loaded  trucks,  and  the  mail ;  altogether 
weighing,  with  tender,  41*32  tons.  The  average  velocity 
maintained  during  the  ascent  was  18*75  miles  an  hour, 
reduced  to  twelve  miles  at  the  summit ;  pressure  of 
steam  in  the  boiler  57*5  lbs.  per  square  inch. 

We  have,  as  in  last  experiment,  the  power  applied 

1489 
=  1856  lbs.,   resistance  of  train  =  3g;7*lbs. ;  then  the 

diminution  of  velocity,  being  equal  to  6*75  miles  an 
hour,  will  amount  to  40  lbs. ;  consequently  367  -f  ^Oa 
407  lbs.>  the  fnction  of  engine,  or  twenty  per  cent  <rf 
its  power  with  a  load  of  1489— 40  =1449  lbs.,  at  a  mean 
velocity  of  18*7^  miles  an  hour. 

Atlas  engine,  on  the  Sutton  plane,  loaded  with  eight 
waggons,  weighing,  with  convoy,  39*40  tons;  pressure  of 
steam,  55  lbs.  per  square  inch  ;  velocity,  six  miles  an 
hour. 


LOCOMOTIVE   ENGINES.  499 

Power     .         -        -        211  libs. 
Resistance        -        -        1594  lbs. 


517lbs.  the  friction 
of  engine,  or  twenty-five  per  cent  of  its  power  with  a 
load  of  1594  lbs.,  at  the  velocity  of  six  miles  an  hour. 

In  this  experiment  it  is  not  stated  whether  any 
diminution  of  velocity  took  place,  during  the  time  of 
ascending  the  plane  ;  we  therefore  presume  the  velocity 
was  uniform. 

Same  engine  was  placed  on  the  railway  at  the  summit 
of  the  two  planes,  which  is  perfectly  level ;  it  drew 
after  it  forty  waggons,  weighing  altogether,  with  convoy, 
195*5  tons,  at  a  uniform  velocity  of  9*23  miles  an  hour ; 
pressure  of  steam  53*5  lbs.  per  square  inch. 

Power        -        .        -        2054  lbs. 
Resistance    -        -        -     1564  lbs. 

490  lbs.  friction  6f 

engine,  or  twenty-four  per  cent,  of  its  power,  at   a 

velocity  of  9*23  miles  an  hour,  with  a  load  of  1564  lbs. 

The  same  engine  was  tried  upon  the  Sutton  plane, 

with  a  train  of  eight  loaded  and  four  empty  waggons, 

which,  with  convoy,  weighed  40*15  tons ;  the  pressure 

of  steam  in  the  boiler  being  forty-six  pounds  per  square 

inch.    The  velocity  of  the  engine,  which,  on  arriving  at 

the  plane,  was  twenty  miles  an  hour,  was  reduced,  in  the 

first  ^th  mile  to  7i  miles  an  hour,  next  ^ih  to  4^  miles, 

third  ^th  mile  to  9^,  and  then  was  stopped  altogether, 

not  being  able  to  proceed  further.     Tke  steam  was 

then  allowed  to  increase  in  elasticity  until  it  was  equal 

to  fifty  pounds  per  square  inch,   when   tlie  engine 

gradually  acquired  its   motion,  and  accomplished  the 

ascent,  at  a  velocity  of  seven  miles  and  a  half  per  hour 

at  the  summit. 
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Mr.  Pambour  estimates  the  excess  of  power  in  tlie 
former  case  at  147  lbs.,  and   in  the  latter  at  339  lbs. 
Making  allowance  for  the  diminution  of  velocity,  we  find 
the  excess  of  power,  at  the  end  of  the 
first  quarter  of  mile  =  544  lbs.,  or  26  per  cent, 
second  quarter  of  mile  =  376  lbs.,  or  19  per  cent, 
third   quarter  of  mile  =  275  lbs.,  or  14  per  cent 
the  mean  resistance  being  398  lbs.,  and  the  mean  velo- 
cities, respectively  134,  6,  and  3f  miles  an  hour.     After 
the  elasticity  of  the  steam  was  increased,  the  excess  of 
power  is  stated  to  be  339  lbs.,  the  mean  velocity  being 
6|.  miles  an  hour ;  in  the  latter  case  the  circumstances 
are  not  stated,  whereby  to  calculate  the  accuracy  of  this 
resistance. 

Fury  engine,  on  the  Whiston  plane,  with  ten  waggons, 
weighing,  with  tender,  56*16  tons  ;  pressure  per  square 
inch  in  boiler  65^  lbs. ;  mean  velocity  6*31  miles,  reduced 
to  3*33  miles  on  the  summit  of  the  plane. 

Power     -  -         .         2114  lbs. 

Resistance         -        -         1951  lbs. 


Excess  of  power    -        -      163  lbs. 
Inertia  of  train     -         -        20  lbs. 


183  lbs.  friction  of 
cylinder,  or  nine  per  cent,  of  its  power,  at  a  velocity 
of  6*31  miles  an  hour,  with  a  load  of  1931  lbs. 

Same  engine  ascended  the  Sutton  plane,  with  a  train 
of  ten  waggons,  weighing,  with  tender,  48*80  tons ; 
pressure  of  steam,  sixty-seven  pounds  per  square  inch ; 
velocity,  fifteen  miles  an  hour.  The  engine  drew  its 
train  with  evident  ease. 

Power       -        -        .        2162  lbs. 

Resistance        -         -        1825  lbs. 


337  lbs.  friction  of 
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the   engine,   or  sixteen  per  cent  of  its  power  at  a 
velocity  of  fifteen  miles  an  hour,  with  a  load  of  18S5  lbs. 
Same  engine,  on  the  Sutton  plane,  eight  first  class 
carriages,  which,   with   convoy,  weighed  32*99  tons; 
pressure  of  steam,   55  lbs.   per    square    inch;    mean 
velocity,  13'33  miles  an  hour,  reduced  to  ten  miles  an 
hour  at  the  summit  of  the  plane- 
Power  -  -         1775  lbs. 
Resistance      -            -        1466  lbs. 


Excess  of  power         -  309  lbs. 

Inertia  of  train  -  12  lbs. 


321  lbs.  friction  of 
engine,  or  20  per  cent,  of  its  power,  at  a  mean  velocity 
of  13*33  miles  an  hour,  with  a  load  of  1466  lbs. 

Leeds  engine,  on  the  Sutton  plane,  loaded  with  seven 
waggons,  which,  with  tender,  weighed  35*15  tons  j 
pressure ,  of  steam,  48*5  lbs.  per  square  inch.  The 
velocity  of  fifteen  miles  an  hour,  for  the  first  mile  of 
the  ascent,  fell  to  ten  miles  for  the  following  quarter, 
and  to  6*6  miles  for  the  last  quarter  of  a  mile,  near  th^ 
top ;  average  velocity,  ten  miles. 

Pawer  -  -        1565  lbs. 

Resistance      -  -         1344  lbs. 


Excess  of  power*        -  221  lbs. 

Inertia  of  train  -  75  lbs. 


296  lbs.  friction  of 
engine,  or  19  per  cent.,  at  a  mean  velocity  often  miles 
an  hour,  loaded  with  1326  lbs. 

Vesta  engine,  on  the  Sutton  plane,  with  seven  loaded 
waggons,  and  convoy,  weighing  34*43  tons ;  pressure 
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of  steam,  57*25  lbs.  per  square  inch ;  velocity,  at  sum- 
mit, 2*5  miles  an  hour ;  the  machine  started  from  a 
state  of  rest 

Power        .        -        .         1891  lbs. 

Resistance  -        -        1543  lbs. 


848  lbs.  friction  of 
engine,  or  18  per  cent,  of  its  power,  at  a  mean  velocity 
of  1*25  miles  an  hour,  with  a  load  of  1543  lbs. 

Same  engine,  on  same  plane,  with  eight  loaded  wag- 
gons, and  convoy,  weighing  37*45  lbs. ;  pressure  of  steam, 
58  lbs.  per  square  inch ;  minimum  velocity,  3*25  miles 
an  hour. 

Power        -        -        -        1915  lbs. 
Resistance  -        -        1462  lbs. 


453  lbs.  fricticm  of 
engine,  or  24  per  cent,  of  its  power,  at  a  minimum 
velocity  of  3*25  miles  an  hour,  with  a  load  of  1462  lbs. 
Same  engine,  on  same  plane,  with  a  load  of  39*05 
tons ;  pressure  of  steam,  56*5  lbs.  per  square  inch  ;  main- 
tamed  seventeen  strokes  of  the  piston  per  minute»  or 
three  miles  an  hour. 

Power       -        .        .        1866  lbs. 
Resistance  -        -        1514  lbs. 


352  lbs.  friction  of 
engine,  or  20  per  cent,  of  its  power,  at  a  mean  velocity 
of  three  miles  an  hour,  with  a  load  of  1514  lbs« 
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c. — Table  of  the  Friction  of  Engines,  loaded. 

Table  V. 

Table  of  Uie  Friction  of  the  Liverpool  Engines,  loaded  per 
Experiments  of  Mr.  Pombour. 
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The  result  of  the  foregoing  experiments  is,  that,  on 
the  mean  of  the  whole,  a  load  of  196  tons  ^ves  a  re- 
sistance of  381  lbs. ;  the  mean  friction  of  the  same 
engines,  imloaded,  gave  143  lbs.,  which,  deducted  from 
381  lbs.,  is  S38  lbs.,  the  increase  of  resistance,  by  a  load 
of  196  tons,  or,  1'^  lbs.  per  ton.  The  experiment 
with  the  Fury  engine,  being  so  much  below  the  result 
of  the  others,  we  may  probably  take  1^  lbs.  per  ton, 
for  the  additional  friction,  by  the  load  of  the  train  upon 
the  working  parts  of  the  engine.  Mr.  Pamboiu^s  con- 
clusion is  one  pound  per  ton,  but  this  being  rather  below 
what  his  experiments  gave  j  while,  m  his  calculations, 
tc  K  4 
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he  has  omitted  noticuig  the  effect  of  the  diminution  of 
velocity,  during  the  experiments,  which  still  further 
increases  the  resistance ;  we  are,  therefore,  inclined  to 
think  1^  lbs.  per  ton,  for  every  additional  ton  of  load 
applied  to  the  engine,  will  be  a  more  correct  result^  in 
practice,  than  that  assigned  by  Mr.  Pambour. 

Art.  5. — Investigations  qf  the  Mode  of  raising  Steam 

in  Locomotive  Engines. 

Having  ascertained  the  resistance  or  friction  of  all 
the  moving  parts  of  the  engine,  both  when  not  attached 
to  a  load,  and  when  subjected  to  the  dragging  a  load 
after  it,  together  with  the  ratio  of  increase  of  resistance, 
in  proportion  to  the  amount  of  load  attached  to  the 
engine  j  we  come  now  to  determine  the  quantity  of 
work  which  these  engines  are  capable  of  performing 
when  constructed  of  certain  dimensions.  Although  not 
perhaps  absolutely  necessary,  yet  it  will  tend  much  to 
elucidate  the  nature  of  the  action  of  these  engines^  to 
give  a  short  sketch  of  the  progress  of  the  successive 
improvements  made  subsequent  to  the  memorable  con- 
test at  Liverpool. 

The  impelling  power  of  these  engines,  and  indeed  of 
all  steam  engines,  being  the  pressure  of  the  steam  upon 
the  piston  of  the  cylinder  ;  it  follows,  that  the  quantity 
of  work  they  are  capable  of  performing,  or  the  power 
with  which  they  act  upon  the  load,  depends  entirely 
upon  the  intensity  of  pressure  of  the  steam  upon  the 
piston,  and  the  bulk  of  such  steam  which  the  engine  is 
capable  of  producing  at  such  pressure.  We  find,  there- 
fore, that  it  is  the  quantity  or  bulk  of  steam  capable  of 
being  produced,  and  which  acts  upon  the  piston,  and 
not  the  pressure  of  the  steam  in  the  boiler,  which  con- 
stitutes the  power  of  the  engine.     For  the  elasticity  of 
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the  steam  in  the  boQer  may  be  very  different  from  that 
acting  upon  the  pistons,  unless  the  power  of  the  engine 
to  produce  steam,  be  sufficient  to  raise  such  a  quantity 
as  will  supply- to  the  cylinders  as  much  steam  as  they 
require,  equal  in  elasticity  to  that  in  the  boiler ;  and 
likewise  that  the  area  of  the  passages  between  the  boiler 
and  the  cylinders,  are  such  as  not  to  obstruct  or  diminish 
the  elasticity  of  the  steam  in  its  passage  to  the  latter. 
Consequently  the  power  of  these  engines,  are  more  pro- 
perly defined,  by  the  quantity  of  steam  they  are  capable 
of  producing ;  than  by  the  pressure  of  the  steam  in  the 
boiler,  and  the  diameter  of  the  cylinder,  or  the  dimen- 
sions of  the  working  parts. 

In  ordinary  steam  engines,  the  power  may  be  strictly 
defined  by  the  area  of  the  cylinder,  and  the  pressure  of 
the  steam  acting  upon  it,  or  in  the  boiler;  because, 
whatever  that  pressure  may  be  fixed  to  be,  the  capability 
of  raising  or  providing  that  quantity  of  steam,  is  easily 
accomplished  by  the  requisite  number  of  boilers. 

In  locomotive  engines  it  is,  however,  different, 
having  to  travel  upon  roads  which  are  constructed  only 
to  support  a  certain  weight,  we  are  confined  to  the 
dimensions,  or  rather  to  the  weight,  of  the  several  parts 
constituting  the  engine ;  and,  therefore,  the  capability 
of  raising  steam  is  limited,  and  the  power  of  the  engine 
is  strictly  confined  to  its  capabilities  of  raising  a  given 
number  of  cylinders,  full  of  steam,  per  minute.  In  this 
case  the  diameter  of  the  cylinder  does  not  govern  the 
power  of  the  engine ;  for,  having  only  a  certain  quantity 
of  steam  produced  per  minute,  if  we  increase  the  size  of 
the  cylinder,  we  must  either  have  a  less  number  of 
strokes  per  minute,  or  steam  of  inferior  elasticity ;  and  if 
we  diminish  it,  we  then  get  a  greater  degree  of  elasticity 
of  steam,  or  pressure,  per  square  inch,  or  a  greater 
number  of  strokes,  or  cylinders  full,  per  minute.    The 
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power  of  such  engines  is  not  therefore,  as  m  ordinary 
engines,  determined  by  the  diameter  of  the  cylinder ; 
but,  strictly,  to  the  quantity  of  steam  which  can  be 
raised,  or  water  evaporated  into  steam,  in  a  given 
time. 

a. —  Of  the  old  Engines. 

The  old  engines,  we  have  seen,  were  not  capable  of 
ev^orating  more  than  about  fifteen  cubic  feet  of  water 
per  hour;  which,  applied  to  the  cylinders,  was  not 
capable  of  producing  a  more  powerful  engine,  than 
was  capable  of  dragging  forty  tons,  at  the  rate  of  six 
miles  an  hour,  such  engines  weighing  about  six  tons 
and  a  half.  The  result  of  the  experiments  on  the 
Liverpool  railway  in  1831,  was,  that  the  Rocket  engine, 
\eeighing  little  more  than  three  tons  and  a  quarter, 
evaporated  18'24  cubic  feet  of  water  per  hour ;  the 
following  Table  shewing  the  relative  evaporating 
powers  of  the  difierent  engines  at  that  period. 

h. —  Of  the  Liverpool  experimental  Engines. 

Table  VI. 


Name 

of 

Engines. 

Area  of 

firegrate 

in  feet. 

Area  of 
radient 
surface 
in  feet. 

Area  of 
communi- 

catire 

surface  in 

feet. 

Cubic  feet 
of  water 

eraporated 
per  hour. 

lbs.  of  coke 
required  to 

cubic  foot 
of  water. 

We^t 

mginrs 

tant. 

Rookei 

Sana  Parea    - 

Novelty 

Old  engines   - 

6 
10 
1*8 

7 

20 
15-7 
9"  5 
\V5 

117*8 
74- 6 
33 
29-7^ 

18-24 
24 

15*92 

11*7 
28*8 

18'34 

3* 

•J 
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In  examining  these  experiments,  we  find  a  very  im* 
portant  effect  in  the  economy  of  fuel,  produced  by  the 
Rocket  over  the  old  engines,  in  the  proportion  of  11*7 
to  18*34,  supposing  the  heating  powers  of  coke  and 
coal  be  equal ;  the  cause  of  this  is  very  obvious,  and  is 
entirely  attributed  to  the  use  of  the  number  of  tubes  of 
smaU  diameter,  presenting  such  an  area  of  surface  to  the 
water  in  the  boiler. 

With  a  less  area  of  fire-grate,  than  the  old  engines, 
the  surface  exposed  to  the  radient  heat  of  the  fire,  is  as 
20  :  11*69  S'nd  the  surface  exposed  to  the  communicative 
power  of  the  heated  ah-  and  flame,  as  117*8  :  29*75, 
nearly  four  times  as  great  Nor  is  this  the  only  differ- 
ence, in  the  old  engines  the  area  of  the  tube  (of  twenty- 
two  inches  in  diameter)  for  the  passage  of  the  flame 
and  heated  air  to  the  chimney,  was  380*13  inches,  and 
of  this  large  body  of  flame  and  air  passing  through  the 
tube,  only  an  extent  of  surface  of  69*11  inches  was 
exposed  to  the  water  in  the  boiler.  In  the  Rocket 
engine  the  area  of  heated  air  and  flame  in  twenty*five 
tubes,  three  inches  each  in  diameter,  was  176*7  inches, 
while  the  surface  exposed  was  235*6  inches. 

It  is  not  necessary,  perhaps,  to  pursue  the  comparison 
further.  The  economy  of  fuel  which  must  result  from 
the  exposure  of  so  much  greater  surface  to  the  water,  can- 
not fail  to  ensure  a  more  perfect  abstraction  of  the  heat ; 
and  thus  not  only  save  the  fuel,  but  increase  the  evapo- 
rating powers  of  the  engine,  and  prevent  great  part  of 
the  previous  destruction  of  the  chimney,  by  the  intense 
heat  of  the  wasted  caloric. 

The  same  remarks  apply  to  the  Sans  Pareil  of 
Mr.  Hackworth,  as  to  the  old  engine,  though  in  a  less 
degree.  In  the  Rocket,  the  sur&ce  exposed  to  the 
radient  heat  of  the  fire,  compared  with  the  area  of  the 
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fire-grate,  is  as  3^. :  1,  while  in   the  Sans  Pareil  it  is 

only  14^ :  1,  the  same  proportion  as  in  the  old  engines. 

In   the    Rocket,  the   surface  exposed  to  the   heated 

air  and  flame,  compared  with  the  area  of  the  fire-grate, 

w  as  191- :  1 ;  while,  in  the  Sans  Pareil,  the  proportion 

is  only  7t  :  to  1. 

The  bulk  of  air  passing  through  the  tube  of  the  Sans 

Pareil,  at  its  exit  into  the  chimney,  is  VJQ'J  square 

inches,  the  exposed  surface  being  47*12,  or  3,8: 1  nearly; 

while,  as  before  stated,  the  bulk  of  air  passing  through 

the  tubes  of  the  Rocket  is  176*7  inches,  or  precisely 

that  of  the  Sans  Pareil,  while  the  surface  ^exposed  is 

235*6  inches,  or  1^  :  1.     These  will  sufficiently  account 

for  the  great  difference  in  the  evaporating  powers  of 

the  two  engines,  and  also  in  the  economy  of  fuel ;  the 

Rocket  requiring  only  11*7  lbs.  to  convert  a  cubic  foot 

of  water  into  steam,  while  the  Sans  Pareil  required 

^8*8  lbs. 

Some  explanation  is  perhaps  necessary,  why  the  Sans 
Pareil  should,  in  this  respect,  be  more  extravagant  than 
the  old  engines,  while  the  extent  of  surface,  compared 
with  the  area  of  fire-grate,  is  much  greater,  and  therefore 
should  exhibit  a  more  economical  result ;  and  this  ex- 
planation is  the  more  necessary^as,  though  not  appear- 
ing at  first  sight,  it  involves  a  principle  of  the  greatest 
importance  in  the  economy  of  those  engines,  and  which, 
if  not  acted  upon,  would  render  the  use  of  the  tubes, 
however  otherwise  valuable,  considerably  less  efifec- 
tive. 

It  will  readily  occur  to  any  one,  paying  a  little  atten- 
tion to  the  matter,  that  the  system  of  tubes  nniay  be 
carried  so  far  as  to  reduce  the  temperature  of  the  flame 
and  heated  air  nearly  equal  to  that  of  the  water  in  the 
iK>iler ;  in  which  case,  when  it  reaches  the  chimiie/,  it 
will  be  incapable,  from  its  reduced  temperature,  of  pro- 
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ducing  a  sufficient  draught  of  air  through  the  fire-grate. 
This  would  prevent  all  the  advantages  being  taken  of 
the  refracting  powers,  which  would,  otherwise,  result 
from  the  use  of  these  tubes.  It  is  stated,  in  another  part 
of  this  work,  that  on  the  introduction  of  those  engines, 
it  was  necessary  to  resort  to  the  application  of  the  waste 
steam,  thrown  upwards  by  a  blast  pipe  into  the  chimney, 
to  create  a  sufficient  current  of  air  through  the  fire ; 
which  was  afterwards  laid  aside,  or  only  partially  used, 
when  only  slow  rates  of  speed  were  required. 

Mr,  Hackworth  had,  it  appears,  in  his  engine,  re- 
sorted to  the  use  of  this  in  a  more  forcible  manner  than 
before  used,  throwing  it  up  as  a  jet ;  and  which,  when 
the  engine  moved  at  a  rapid  rate,  and  the  steam  thereby 
almost  constantly  issued  from  the  pipe,  had  a  most 
powerful  effect. 

This,  though  effecting  the  object  for  which  it  was 
intended,  being  carried  too  far,  partly  in  consequence 
of  the  rapid  speed  at  which  the  engine  was  made  to 
travel,  was  productive  of  another  evil ;  viz.  the  increased 
destruction  of  fuel,  and  which,  though  operating  fatally 
80  far  as  regarded  that  particular  experiment,  was  capable 
of  easy  remedy. 

The  consequence  was,  that  when  the  engine  began  to 
travel  at  the  rate  of  twelve  or  fifteen  miles  an  hour,  the 
draught  was  so  great  that  it  actually  threw  the  coke 
out  of  the  chimney  with  considerable  force;  pro- 
ducing  a  destruction  of  fuel  enormously  great,  so 
much  so,  that  the  consumption  was  at  least  692  lbs. 
per  hour. 

The  area  of  fire-grate  of  the  Sans  PareU  was  ten  feet, 
supposing  that  the  area  of  the  fire-grate  of  the  Rocket 
had  been  the  same,  the  consumption  of  the  latter 
engine,  with  its  power  of  exhaustion,  would  only  have 
been  361  lbs. ;  shewing  that  the  force  of  draught  was  so 
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much  greater  in  the  Sans  Pareil,  as  to  consume  nearly 
twice  the  quantity  of  fuel  in  the  same  time. 

This  will  satisfactorily  account  for  the  appar^t 
anomaly  in  the  consumption  of  fuel  with  this  engine 
compared  with  that  of  the  old  engines,  having  a  single 
tube ;  otherwise,  though  not  likely  to  have  come  up  to 
the  Rocket  in  point  of  economy  of  fuel,  we  should  have 
expected  an  ^ect  considerably  greater  than  in  the  old 
engines.  The  combustion  of  the  fuel  being  so  very 
rapid,  and  the  abstracting  sur&ce  so  small,  the  heated 
air  would  pass  off  at  a  very  high  temperature,  thus 
accounting  for  the  loss  of  effect. 

The  knowledge  of  this  fact,  or  rather  availing  our* 
selves  of  this  power,  for  the  purpose  of  creating  a 
draught  in  the  chimney,  leads  to  an  inquiry  of  great 
interest.  By  an  extension  in  the  use  of  these  tubes  of 
small  diameter,  there  is  little  doubt  of  our  being  able, 
(supposing  we  can  force  the  necessary  quantity  of  air 
through  them)  to  reduce  the  temperature  of  the  heated 
air,  before  its  exit  into  the  chimney,  nearly  equal  to  the 
water  in  the  boiler.  This  would  be  abstracting  all  the 
useful  heat,  and,  probably,  effecting  all  the  economy  di 
which  the  fuel  is  susceptible. 

Perhaps  it  would  not  be  advisable  to  carry  it  quite 
so  far  as  this,  for  when  the  temperatures  became  nearij 
equal,  the  abstraction  of  heat  would  be  so  slow  as  to 
require  a  greater  length  of  tube,  than  it  would  be  con^ 
venient  to  employ.  We  may  there&xre  suppose,  that 
in  all  cases,  the  temperature  of  heated  air  which  passes 
into  the  chimney,  will  be  greater  than  that  of  the  water 
in  the  boiler.  This  heat,  however,  will  not  be  sufficient, 
in  en^nes  of  this  kind,  to  cause  a  sufficient  quantit|r  of 
air  to  pass  tidrougb  the  fire  for  the  purpose  of  conu- 
buation  ;  and  it  ijien  becomes  a  question,  whether  w# 
should  allow  a  portion  of  the  heat  to  escape  fi>r  that 
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purpose,  or,  by  contracting  the  exit  of  the  escape  of 
the  steam  from  the  cylinders  into  the  chimney,  to  effect 
the  same  object 

Whether  the  last  method  is  the  most  economical  or 
not,  though  there  is  every  reason  to  suppose  it  is,  per* 
haps  it  is  the  only  one  yfith  these  engines,  that  is  suitable 
for  their  action  upon  railways,  especially  for  quick 
travelling.  The  performance  of  those  engines  depending 
entirely  upon  the  quantity  of  steam  they  can  raise  in  a 
given  time,  when  travelling  at  the  rate  of  fifteen  or 
twenty  miles  an  hour,  cm:  upwards,  the  production  of 
steam  is  required  to  be  very  rapid  indeed ;  the  mode  of 
producing  a  proper  draught  through  the  fire  by  throw- 
ing the  steam  into  the  chimney,  after  it  passes  through 
the  cylinders,  is,  perhaps,  therefore  the  best ;  as  the 
quicker  the  engines  travel,  and  when,  consequently, 
the  necessity  for  steam  is  the  greatest,  the  then  rapid 
and  almost  continuous  exit  of  the  steam  into  the  chim- 
ney, increasing  in  proportion  to  the  increased  speed  of 
the  engine,  produces,  at  the  same  time,  a  correspondingly 
greater  quantity  of  steam. 

In  the  **  Rocket  **  engine,  this  mode  of  increasing 
the  draught  of  the  chimney  was  but  partially  used, 
the  steam  was  made  to  pass,  into  the  diimney,  by  two 
pipes,  one  from  each  cylinder,  and  the  size  of  the  aper^ 
ture  was  not  sufHciently  small  to  cause  the  steam  to 
pass  into  the  chimney  with  adequate  force ;  still,  in 
that  engine,  we  find  it  only  required  11*7  lbs.  to 
evaporate  a  cubic  foot  of  water,  36  per  cent,  less  than 
with  the  old  engines.  We  shall  afterwards  find,  that 
this  has  been  considerably  more  reduced,  in  the  engines 
recently  made. 

The  •'  Novelty**  engine  was  on  a  different  principle 
from  thote  previously  considered,  the  necessary  supply 
of  air  to  the  fire  being  produced  by  a  bellows.     In  this 
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case,  a  chimney  becomes  unnecessary,  and,  from  the 
way  in  which  the  "  Novelty"  was  constructed,  the  air 
was  forced  through  the  fire  in  a  very  condensed  or 
compressed  state.  The  area  of  fire-grate  being  little 
more  than  one  third  of  that  of  the  "  Rocket,"  and  the 
surface  exposed  to  the  radient  action  of  the  fire  less 
than  one  half,  the  temperature  to  which  the  fire  was 
raised  must,  of  course,  be  considerably  greater,  to 
evaporate  an  equal  quantity  of  water  in  the  same  time. 
The  abstraction  of  heat  would  be  probably  more  per- 
fect in  the  "  Novelty,"  for  the  tube,  through  which  the 
flame  and  heated  air  passed,  in  its  exit  to  the  atmo- 
sphere,  was  thirty-six  feet  in  length,  in  one  tube; 
whereas,  in  the  "  Rocket,"  there  was  the  same  length, 
though  subdivided  into  six  tubes.  It  is,  however,  ex- 
tremely questionable,  whether  one  tube,  thirty-six  feet 
long,  or  six  tubes,  each  six  feet  long,  of  the  same  sec- 
tional area,  are  more  preferable ;  the  latter  would,  of 
course,  give  a  much  greater  exposure  of  surface.  The 
area  of  exit  of  the  heated  air,  into  the  atmosphere,  of 
the  "  Rocket,"  was  twenty-five  times  that  of  the 
"  Novelty ;"  from  which  we  may  imagine  the  degree 
of  compression  necessary  to  force  the  same  quantity  of 
air  through  the  fire ;  though  we  do  not  mean  to  say,  that, 
to  raise  an  equal  quantity  of  steam,  an  equal  quantity  of 
air,  in  that  highly  compressed  state,  is  necessary^ 

It  was  much  to  be  regretted,  that  the  Experiment 
with  the  ^*  Novelty"  could  not  be  continued  sufficiently 
long,  to  ascertain  the  power  of  raising  steam,  by  this 
method;  the  inquiry  was  of  the  utmost  importance. 
Theoretically  considered,  we  are  of  opinion,  that  <thi8 
mode  of  generating  steam  is  the  more  economical*  in 
point  of  fuel,  than  in  engines,  the  combustioii  of  the 
fire  of  which,  is  kept  up  by  the  rarefaction  in  the 
chimney},  but  there  are  practical  objections  to  set 
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against  this,  of  which  the  destruction  of  fire-bars,  and 
the  power  required  to  work  the  bellows  are  not 
the  least.  We  say  theoretical,  because,  suppose  two 
generators,  the  area  of  the  grate-bars,  extent  of  ra- 
diant and  communicative  surface,  are  in  both  the 
same,  except  the  area  of  exit  pipe  into  the  chimney, 
which,  with  the  generator,  worked  by  the  bellows,  is 
one  half  of  that  by  expansion  of  the  chimney;  if 
the  same  quantity  of  air  pass  through  the  grate-bars 
of  each,  in  the  same  time,  that  with  the  bellows  will 
necessarily  be  in  a  more  compressed  state,  to  force 
the  same  quantity  of  heated  air  through  the  narrow 
exit ;  and  this  compressed  state  of  the  heated  air  will, 
of  course,  cause  more  of  the  caloric  to  be  abstracted, 
than  in  the  other  case ;  if  we  suppose  the  temperature 
of  the  heated  air  reduced  to  the  same,  in  both  cases,  in 
its  exit  from  the  pipe.  The  only  question  is,  whether 
the  disadvantage,  in  practice,  consequent  upon  the 
operation  of  such  a  principle,  does  not  counterbalance 
any  advantage  gained  in  the  economy  of  fuel,  and  this 
we  must  leave  to  experience  to  determine. 

The  question  between  the  two  modes,  however, 
assumes  a  new  character,  since  the  application  of  the 
steam  from  the  cylinder,  to  create  a  current  of  air  in 
the  chimney ;  as,  in  that  case,  we  can,  by  the  use  of  a 
great  number  of  smaller  tubes,  reduce  the  temperature 
so  low,  until,  if  advisable  to  do  so,  it  is  equal  to  that  of 
the  water  in  the  boiler.  And  it  then  becomes  a  subject 
of  inquiry,  which  of  the  two  modes  occasions  a  greater 
loss  of  power,  in  obtaining  the  necessary  current  of  air ; 
the  working  of  the  bellows,  in  the  one  case,  or  the  loss 
of  power,  by  the  obstructed  passage  o£  the  steam  into 
the  chimney,  in  the  other. 

It  is  perhaps  necessary,   after  the  above  remarks, 
to  explain,  so  far  as  we  are  able,  the  cause  of  the  faikire 

L  L 
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of  the  Novelty  engine,  at  the  Liverpool  experimeqts, 
and  to  sliew  that  it  arose  from  no  defect  in  the  principle 
of  the  engine.  By  the  sketches  of  thi$  engine,  it  will  be 
seen,  that  the  flame,  and  heated  air,  after  leaving  the 
fire,  passed  through  the  winding  pipe  of  the  horizontal 
generator ;  the  generator  was  pnly  twely^e  inches  in 
diameter,  and  there  were  three  folds  of  the  flue-tube 
within  it,  in  diameter  from  four  inches  aX  one  end,  to 
three  inches  at  the  other;  very  little  space  wasi,  there- 
fore, left  between  the  flue-tube  and  the  t<^s  of  the 
generator.  The  temperature  of  the  flame  within-  this 
tube,  when  the  engine  was  running  at  a  quick  rate,  was 
necessarily  very  great)  especi^ly  where  it  left  the  upright 
generator;  the  evcdution  of  the  heat  would,  there- 
fore, be  so  rapid,  that  the  passage  of  the  steam  out, 
prevented  the  water  from  flowing  along  the  hori- 
zontal generator;  and  the  consequence  was,  that  the 
flue-tube  got  dry,  and  either  collapsed,  with  the  heat 
and  pressure,  or  gave  way  at  the  joint.  This,  it  will 
be  seen,  however,  arose  from  no  defect  of  principle, 
and  was  easily  remedied.  , . 

The  saving  of  fuel  was  not,  ho weiver,  the; ,  gre^t  de- 
sideratum, or  the  most  important  circumstafu:ea  aii^g 
from  these  experiments,  the  power  of  these  evogij^^^as 
very  mudbL  increased*  and-  their  applicability  «^1if|ided 
to  an  almost  inconceivable  extent.; .  for  ^we  ^fin4/tlie 
Rocket  engine,  although  only  one  half  tl^,:)ir,^j^  of 
the  old  engines,  evaporajting  one  half  umQ.W9f/^i  9/f^ 
was,  consequently,  fifty  per  cent  gr&ft^^ ^foyvf^i^f^p^ 
this  was  efiiscted,  not  by.  the  comparati^f e.  .iqc^^^usfH^j^- 
struction,  but  by  a  saving  in  the  use  of  the£Jejl^»,|,')(^^^ 
Rocket  engine,  as  before  stated,  wfta  much  tj^)ff^^i\q 
render  its  powers  of  raising  steain  appUcabl^tq^f])if^ 
utmost  extent }  but  the  disopv^cys  at  onqsy  opemegd  ^ 
wide  field>  for  the  further  improvement  of  the^,.faB>- 
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gine^  which,  in  a  short  time,  enabled  their  promoters 
to  produce  engines  of  much  greater  power,  and  capable 
of  keeping  up  a  rate  of  speed,  infinitely  beyond  that  of 
the  old  engines. 

•       ■  • 

c, — The  Liverpool  improved  Engines. 

We  shall  now  give  some  account  of  the  improve- 
ments arising  from  these  experiments,  previous  to 
which,  however,  it  may  be  necessary  to  add  one  re- 
mark, upon  the  result  of  those  Experiments.  It  will 
be  seen,  on  referring  to  the  Tables  of  the  performances, 
that  altbough  the  *^  Rocket "  engine,  which  was  the 
most  economical  of  fuel,  requiring  only  11*7  lbs.  of 
cc^f  for  the  evaporation  of  a  cubic  foot  of  water,  while 
the  old  engines  required  18'34i  lbs.,  that  the  expense  of 
fudi,  per  ton,  of  goods  conveyed,  per  mile,  was  con- 
siderabjly  greater  with  the  **  Rocket,''  than  with  the 
old  engines.  This  results  from  the  employment  of 
su)di  light  engines,  where  the  good»  conveyed  bears 
so  great  a  proportion  to  the  weight,  or  powers  of  the 
engine ;  subsequently,  these  engines  have  been  made 
more  powerful^  and  their  effective  performance  and 
eoonomy  has  been  correspondingly,  increased. 

After  these  Experiments  were  concluded,  the 
^*  Novelty"  underwent  considerable  alterations,  a  better 
commtinic^on  was  made  to  carry  off  the  steam,  from 
the  UaAxbntA  generator,  to  the  steam  reservoir,  to  pre- 
vent a  re^tirrenee  of  an  accident,  similar  to  that  which 
happened  during  the  trials ;  and  a  sepai'ate  cylinder  was 
applied  for  working  the  bellows,  with  some  other 
alter^ons}  when  these  were  completed,  an  experi* 
ment'\^  made  by  Mr,  Vignolesj  upon  the  same 
piece  df  rdfid  iin  whieh  the  premium  experiments  were 
made* 
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The  following  is  stated  to  have  been  the  perfor- 
mance : — 

Experiment  L 

28-5  tons,  conveyed  30-813  miles = 878 -CV/  tons. 

7*5  tons,         —        3-224     —  =  24*28    — 

17-5  tons,         —      33-205     —  =  58-11    — 


960-46  tons  con- 
veyed one  mile.     The  consumption  of  fuel  was, 
for  getting  up  the  steam,  which  occupied  32  minutes, 

62  lbs. 
consumed  during  the  time  of  experiment        526  lbs. 

Total  consumption        -  «        588  lbs., 

which,  exclusive  of  the  weight  of  the  engine,  is  equal 
to  613  lbs.,  per  ton  per  mile,  nearly ;  and  including 
the  weight  of  the  engine  (4  tons),  is  0-55  lbs.  per  ton, 
per  mile ;  or,  supposing  the  weight  of  goods  to  consti- 
tute two  thirds  of  the  gross  weight  of  the  carriages,  the 
cost  of  conveyance  of  goods,  per  ton,  per  mile,  would 
be  0*918  lbs.  of  coke  per  ton,  per  mile. 

The  time  occupied  in  performing  the  whole  distance 
was  6*26  hours.  The  average  rate  between  the  posts, 
while  at  full  speed,  is  said  to  have  been  8^05  miles  per 
hour  J  the  rate,  in  the  above  time,  would,  therefore, 
be  about  six  miles  per  hour.  The  bellows  was  blo¥m 
by  a  separate  cylinder,  and  was  said  to  have  been  at 
work  during  the  whole  time,  or  6-26  hours ;  the  quan- 
tity of  steam  expended  was,  therefore,  that  which 
required  6-26  hours  to  r^^nerate ;  and,  on  this  account^ 
perhaps,  the  average  rate  for  the  whole  time  should  be 

taken,  or  one  half  of  that  occupied  at  each  end,  which 
would  give  the  average  rate  about  seven  miles  per 
hour. 
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Mr.  Stephenson  also  improved  the  working />f  the 
"  Rocket "  engine,  and,  by  applying  the  steam  more 
powerfully  in  the  chimney,  to  increase  the  draught, 
was  enabled  to  raise'  a  much  greater  quantity  of  steam 
than  before.  The  following  is  the  result  of  an  ex- 
periment made  with  this  engine,  in  dragging  heavy 
loads : — 

Experiment  II. 


37^  tons,  conveyed  9  miles  in 

U.      M.        t. 

-     0  41  18 

4l|tons,        _      3      — 

-     0  13  15 

46|  tons,        —      3      — 

-     0  13     8 

41  15  miles  in       -        -     1     7  41 

equal  to  1S|  miles  per  hour,  nearly,  with  an  average 
load  of  40  tons. 

No  account  was  kept  of  the  quantity  of  fuel  con- 
sumed, but,  as  there  was  a  lock-up  valve,  the  steam 
could  not  be  raised  higher  than  50  lbs.  per  square 
inch. 

The  following  Experiments  were  likewise  made  by 
Mr.  Stephenson,  upon  the  same  piece  of  road. 

Experiment  III. 

Phcraix  engine,  having  ninety  tubes,  each  two  inches 
in  ^ameter ;  area  of  grate-bars,  six  square  feet ;  extent 
of  ^radiaoty  twenty  square  feet ;  and  of  sur&ces  ex]K)sed 
to  die'  heated  air  and  flame,  138*8  square  feet 

84^  tons^  conveyed  over  a  space  of  48^  miles,  with 
a  cQQfiuinptiQii  of  14i22  lbs.  of  coke.  The  average  speed 
being  firom  ten  to  twelve  miles  per  hour.  This  is  equal 
^  to  ;1;500  tons,  conveyed  one  mile.  Omsumption  of 
ftidi  -^  ioduding  the  ^  engine  and  tender  (seven  tons), 
0*78  lbs;  p%t  ton,  per  mile ;  exclusive  of  the  engine, 
0.94  lbs.  per  ton,  per  mile  ;  and  taking  the  goods,  equal 
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tc^twQ  diirds  of  the  gross  weight,  1*4S  lbs.  per  ton, -per 
mile. 

Experiment  IV. 

• 

**  Arrow*'  engine,  of  similar  construction  to  the  last, 
with  ninety-two  tubes,  each  two  inches  in  diameter, 
passing  through  the  boiler ;  area  of  fire-grate,  six  square 
feet  J  extent  of  radiant  surface,  twenty  square  feet ;  and 
extent  of  communicative  surface,  144*81  square  feeL 

28  tons,  conveyed  over  a  space  of  S6^  miles,  and 
32^  tons,  conveyed  six  miles,  equal  to  1S08  tons,  con- 
veyed one  mile ;  consumption  of  coke,  1008  lbs.  The 
average  speed  being  twelve  miles  an  hour.  The  con- 
sumption of  fuel  in  this  Experiment  will,  therefore,  be, 
including  the  weight  of  the  engine  and  tender,  0*67  lbs. 
per  ton,  per  mile;  or,  exclusive  of  the  engine  and 
tender,  0*83  lbs.  per  ton,  per  mile ;  and  for  useful 
weight,  or  goods,  1  *25  lbs.  per  ton,  per  mile. 

The  following  Table  will  shew  the  result  of  the  fore- 
going Experiments,  on  the  consumption  of  fuel,  and 
performance  of  these  engines. 

Table  VII. 


No. 

1 

• 

Engiites^  . 

9i 

LoiUl 
in  tons. 

•      >    ■ 

Aterage 

rate  of 

speed  in 

miles 
per  hour. 

Consump^ 
tionof 

eokeinlbs. 
per  ton 

per  mile. 

Cnbie 

fort  of 

water 

c^aporaled 

per  hour. 

Rocket 

S7i 

14 

2*41 

S9-6 

2 

Sam  Pareil 

9i 

15 

2'47 

24 

3 

Novelty 

• 

23 

8 

0-918 

— 

4 

PhoeDix 

IMpj 

12 

1*42 

S4*4 

5 

Arrow        -        -      - 

S5i 

12 

125 

44 
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We  see,  from  the  above,  table,  in  a  very  atriking  point 
of  view^  the  efFeet  of  employing  engines  of  light  weights^ 
and  small  ^wer,  in  the  conveyance  of  goods,  when 
travelling  at  great  rates  of  speed.  Although  the 
"  Rodcet  *'  engine  consumed  only  1 1 7  lbs.  of  coke  in 
the  evaporation  of  each  cubic  foot  of  water,  while  the 
old  engines  required  18'34j  lbs. ;  or,  in  point  of  fact^ 
although  the  steam  in  the  "  Rocket "  engine  was  more 
economically  generated,  in  the  proportion  of  11  :  18; 
yet,  by  that  engine,  when  travelling  at  a  quick  rate  of 
speed,  only  taking  three  times  its  weight  of  carriages, 
the  expense  of  fuel  per  ton  per  mile  is  greater  than  in 
cUd  engines.  The  great  improvement  is,  however,  in  the 
evapbratmg  powers,  which  is  shewn,  by  the  above  table, 
to  be  increased  from  15*92  cubic  feet  an  hour  by  the 
old  engines,  to  forty-four  cubic  feet  per  hour  by  the 
Arrow  engine. 

Following  up  these  improvements,  shortly  after  the 
experiments  were  made,  two  engines  of  large  dimen-^ 
sions  Were  put  upon  the  Liverpool  and  Manchester 
railroads,  and  the  following  account  of  their  perform* 
ance  was  published  at  the  time.  The  Sampson  engine^ 
weighing  eight  tons,  with  the  front  and  hind  wheels  of 
the  same  diameter,  proceeded  from  Liverpool  to  Man^* 
Chester  with  a  gross  load  of  153  tons  11  cwt,  and  being 
assisted  up  the  inclined  plane  by  the  Goliah  engine^ 
reached  to  the  latter  place  about  eleven  o'clock  ;  the 
consumption  of  coke  in  this  journey  was  only  one  third 
of  a  pound  per  ton  per  mile  gross,  or  about  one  half  of 
a  pound  per  ton  per  mile  of  goods. 

Since  that  period  these  engines  have  been  still  further 
improved,  and  improvements  are  at  present  going  on, 
which  will  no  doubt  increase  their  power  much  beyond 
what  they  are  at  present  i  it  will,  therefore,  be  difficult 
tp  assign  any  specific  amount  of  power,  or  fixed  per- 
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formance  of  this  kind  of  engine,  except  in  terms  <^  the 
power  of  raising  steam.  We  sliall,  therefore,  first  of  all, 
ascertain  the  evaporating  powers  of  the  best  of  the  en- 
gines at  present  in  use,  and,  from  the  observed  per- 
formances of  these  engines,  endeavour  to  determine  upon 
the  power  of  other  engines,  according  to  their  powers 
of  raising  steam. 

Art.  Q.-^Evaporating  Powers  of  Locomotive 

Engines. 

Before  giving  the  experiments  made  on  the  relative 
evaporating  powers  of  the  different  engines,  however,  it 
will  be  necessary  to  offer  one  or  two  explanations  of 
the  manner  in  which  the  steam  is  produced  in  those 
engines. 

The  evaporation  of  steam  is  accomplished  by  two 
distinct  modes,  the  direct  action  of  the  fire  upon  that 
part  of  the  boiler  which  encloses  it,  and  which  is  called 
the  radiant  heat ;  and  the  action  of  the  heated  air, 
passing  from  the  fire  through  the  tubes,  which  is  called 
the  communicative  heat  All  the  water,  therefore,  which 
surrounds  the  fire-box,  enveloping  the  fire,  and  the 
water  against  that  end  of  the  boiler,  is  exposed  to  the 
radiant  heat  of  the  fire ;  while  the  water  which  surrounds 
the  tubes,  is  only  exposed  to  the  communicative  heat^ 
given  out  from  the  heated  air  in  its  passage  from  the 
fire  to  the  chimney. 

In  the  old  engines  the  fire  was  placed  within  a  tube, 
which  either  passed  directly  through  the  boiler  from  the 
fire  to  the  chimney,  or  which  passed  from  the  fire  to 
nearly  the  opposite  end  of  the  boiler,  returned,  and 
passed  out  to  the  chimney,  at  the  same  end  of  the 
boiler  as  that  in  which  the  fire  was,  placed.  The  ex« 
periments   previously  detailed  shew  the  evaporating 
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powers  of  several  of  the  old  engines^  the  greatest  of 
which  does  not  appear  to  exceed  sixteen  cubic  feet  of 
water  an  hour,  with  engines  having  the  fire  within  the 
boiler,  and  weighing  about  six  tons. 

Hackworth's  engine,  which  was  of  this  description^ 
at  the  Liverpool  contest,  evaporated  about  twenty-four 
cubic  feet  per  hour ;  but  this,  as  previoudy  explained, 
was  accomplished  at  the  expense  of  an  increase  in  the 
consumption  of  fuel  above  that  of  the  old  engines  in  the 
proportion  of  28-8  to  18-34  lbs.  of  coke  for  every  cubic 
foot  of  water  evaporated.  We  cannot^  therefore,  take 
the  evaporating  powers  of  engines  with  the  fire  within 
the  boiler,  and  where  the  heated  air  passes  through  a 
single  tube,  at  more  than  sixteen  cubic  feet  of  water  per 
hour. 

a. — Evaporating  Power  of  the  KiUingworth  improved 

Engine. 

In  the  description  of  the  difierent  kinds  of  engines 
we  have  given  an  account  of  one,  used  on  the  Killing- 
worth  railway,  with  the  fire  placed  within  the  boiler,  and 
in  which  the  heated  air  passes,  through  several  small 
tubes,  from  the  fire  into  the  chimney.  In  an  experiment 
made  with  this  engine,  of  the  following  dimensions, — 
boiler,  nine  feet  two  inches  long,  four  feet  in  diameter ; 
elliptical  tube,  within  which  the  fire  is  placed,  two  feet 
four  inches  broad  by  two  feet  in  height,  and  four  feet 
eight  inches  long  ;  area  of  fire-grate,  12*9  square  feet; 
number  of  tubes,  forty-three,  each  four  feet  and  a  half 
long,  and  two  inches  in  diameter;  area  of  radiant 
surface,  22*56  square  feet ;  area  df  communicative  sur- 
face, 101*5  square  feet;  volume  of  heated  air,  passing 
through  the  tubes^^  135  square  inches  ;  load,  sixty  tons, 
exclusive  of  tender ;  •^—  the  velocity  upon  a  level  railroad 
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was  nine  miles  an  hour,  the  quantity  of  water  evapo* 
rated  per  hour,  279  gallons,  or  47*8  cubic  feet,  and  the 
quantity  of  coal  consumed  equal  to  14-7  Ihs.  for  each 
cubic  foot  of  water  evapcmited*  Another  experiment! 
with  a  load  of  forty  tons,  conveyei»  at  the  rate  of  nine 
miles  an  hour,  gave  an  evaporation  of  247  gallons, 
or  forty  cubic  feet,  of  water  per  hour ;  the  consump* 
tion  of  fuel  being  19*2  lbs.  for  each  cubic  foot  of  water 
evaporated. 

In  both  these  experiments  the  steam  was  blowing  off| 
at  the  safety  valve,  during  the  experiment 

We  see,  by  these  experiments,  that  a  considerable 
saving  of  fuel  is  effected  over  the  old  engines,  as  well 
as  a  great  increase  of  evaporating  powers ;  with  this 
description  of  engine  we  may,  therefore,  take  the 
evaporating  power  at  forty  cubic  feet  of  water  per 
hour. 

The  Rocket  engine,  brought  out  at  the  Liverpool 
experiments,  had,  at  first,  its  evaporating  powers  only 
equal  to  18*24  cubic  feet  of  water  per  hour ;  yet,  by  a 
slight  improvement  in  the  blast  pipe,  by  which  the  in* 
tensity  of  the  fire  was  increased,  its  evaporating  power 
was  increased  to  nearly  thirty  cubic  feet  per  hour.  The 
Arrow  engine  shewed  an  evaporating  power  of  275  gal- 
lons, or  forty-four  cubic  feet,  of  water  per  hour ;  and  im 
experiment  with  the  Planet  engine  gave  a  power  of  eva- 
poration of  215  gallons,  or  thirty-four  cubic  feeti  of 
water  per  hour. 

The  following  Table  will  shew  the  relative  evaporating 
powers  of  these  engines,  and  the  dimensions  of  the 
different  parts  of  their  heating  surfiices. 
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Table  VUL 

Table  of  tbe  Power?  of  Evaporation  of  different  Engines. 


Nameeof 
enguies. 

* 

Area 
of 

.fire 
grate. 

Area 
ci 

radiant 
surfiice. 

Area  of 
eomniu- 
nicative 
sorfhctf. 

Ana  of 

volume 

of  heated 

air 

through 

tubes. 

Load 
in  tons, 
convoy 

not 
included. 

Velocity 

in 
miles 

an 
hour. 

Cubic 
feet  of 
water 
cvapo* 
rated  per 
hour. 

• 

sqr.  ft. 

sqr.  ft 

sqr.  ft. 

sqr.  in. 

V 

Rocket 

6 

20 

117-8 

176-7 

40 

13 

SO 

Arrow 

6 

SO 

282*7 

S82 

SO 

12 

44 

Planet 

• 

7* 

29 

225 

144-8 

SO 

15 

S4 

*  Old  engines 

7 

11-5 

29-75 

4f)2 

48-75 

6 

16 

Killingworth 
improred 
engine. 

*       " 

•        " 

" 

60 

9 

40 

On  examining  this  table,  it  will  be  seen,  that  a  very 
great  disparity  exists  in  the  proportions  of  the  different 
heating  surfaces  in  those  engines ;  in  the  improved  en- 
gines, the  Rocket  and  Arrow^  there  is  the  same  area  of 
fire*grate,  while  the  area  of  exit  of  heated  air  through 
the  tubes  is  as  I76  :  282.  Supposing  the  propulsion  of 
steam  into  the  chimney  to  produce  the  same  power  of 
draught  in  both  cases,  the  quantity  of  air  that  must  pass 
through  the  fire  will  be  much  greater  in  the  latter  case 
than  the  former;  hence  the  fire  will  be  raised  to  a 
greater  intensity  of  heat,  and,  consequently,  a  greater 
evaporation  of  water  must  follow. 

In  the  Planet  engine,  the  area  of  fire-grate  is  larger  than 
in  either  the  Rocket  or  Arrow,  but theareaof  exit  through 
the  tubes  for  the  heated  air  is  less  than  in  both  the  other 
engines;  the  evaporating  power,  as  compared  with  the  Ar- 
row, is,  therefore  much  diminished ;  but  it  is  greater  than 
the  Rocket,  occasioned  by  the  much  greater  area  of  both 
radiant  and  communicative  surface  exposed  to  the  water. 
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It  appears,  therefore,  that  no  beneficial  result  follows 
from  increasing  the  area  of  fire-grate,  or  even  the  area 
of  radiant  surface,  unless  the  area  of  exit  for  the  heated 
air  is  likewise  increased;  and  it  also  appears  to  be 
necessary,  at  the  same  time,  in  order  to  economize  the 
fuel,  that  the  communicative  surface  should  bear  a  pro- 
portionate ratio  to  the  area  of  radiant  surface,  or  of  the 
volume  of  heated  area  passing  through  the  tubes. 

h. — Relative  Powers  of  Evapoi^ation  of  radiant 
and  communicative  Caloric. 

Mr.  Robert  Stephenson  has  favoured  us  with  a  very 
interesting  experiment,  on  the  relative  powers  of  evapo- 
ration of  that  part  of  the  boiler  subjected  to  radiant, 
and  that  part  subjected  to  the  communicative  heat. 

A  box  was  used,  similar  in  form  to  the  fire-box  of  the 
"  Rocket,'*  except  that  it  was  open  at  the  top  ;  from  this 
box  a  horizontal  vessel  or  generator  was  attached,  five 
feet  and  a  half  long,  by  sixteen  inches  wide,  which  was 
traversed  by  nine  tubes,  each  three  inches  in  diameter, 
through  which  the  heated  air  passed,  in  a  similar  way 
to  that  of  the  "Rocket"  boiler.  The  fire-box,  ex- 
posed to  the  action  of  the  fire,  six  square  feet,  aad  ^e 
tubes,  24^  square  feet  The  fire-box  and  geilerfttor 
being  supplied  with  water,  and  the  fire  lighted;  bofh 
vessels  arrived  at  the  boiling  point  in  the  same  ixatk^ 
VIZ.  thirty-two  minutes.  The  evaporation  ma^  iheii  be 
said  to  have  commenced.  In  one  hour  and  ten<iiiihates 
from  •  the  time  the  fire  was  lighted,  the  fire-box  Aad 
evaporated  six  gallons,  and  the  tubular  vessdi  >igfat 
gallons,  of  water.  The  time  of  evaporating  the  above 
quantities  was,  therefore,  thirty-eight  minutes ;  this 
would  make  the  fire-box  evaporate  ten  gallons,  and  the 
tabular  vessellS^^ gallons,  per  hour;  hence,  one  fbDt 
of  boiler,  exposed  to  the  immediate  action  of  the  rat&bt 
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heat  of  the  fire,  in  this  experiment,  evaporated  If  gal- 
lons per  hour ;  and  one  foot,  exposed  to  the  heated  air, 
in  pasdng  through  the  tubes,  evaporated  half  a  gallon 
per  hour ;  this  gives  the  comparative  effects  of  the  fire- 
box and  tubes,  or  of  radiant  to  communicative  heat,  as 
3:1. 

These  results  were  obtained  fix)m  a  fire  of  consider- 
able less  intensity  of  heat,  than  that  of  the  engines,  as 
we  find  the  quantity  of  water  evaporated  in  the  latter 
more  than  twice  that  of  an  equal  area  of  surface  in  the 
experiment.  We  may  suppose,  therefore,  that,  with  a 
more  intense  heat,  the  comparative  evaporation  of  the 
fire-box  with  the  tubes  will  be  increased  rather  than 
diminished.  Supposing  it  remains  the  same,  we  find, 
firom  the  previous  table,  that  the  evaporating  powers 
of  the  "  Arrow  "  and  "  Planet "  will  be,  in  respect  to 
the  surfaces  exposed,  nearly  equal ;  for  20x  l|.+282  x 
i=l64;  and  29 xl« +  225x^=160.  But  though  the 
evaporating  surface  is  nearly  the  same  in  each,  the 
comparative  volume  of  air  passing  through  the  tubes, 
is  as  14fif  to  282;  therefore  we  find  that  an  equal 
volume  of  heated  air  is  exposed  to  double  the  surface 
of  evaporation  in  the  "  Planet,"  as  in  the  *'  Arrow " 
engine  ;  or  if  we  suppose  the  same  quantity  of  heated 
air  to  pass  up  the  chimney  of  both  engines  in  the  same 
time,  then  the  density  of  the  heated  air  in  the  tubes  of 
the  "  Planet  *'  engine  will  be  equal  to  twice  that  of  the 
'*  Arrow,**  and  equal  to  the  density  in  the  chimney  ; 
which  must  have  a  considerable  effect  in  the  economy 
of  fuel  in  the  "  Planet*'  engine. 

c. — Evaporating  Powers  of  the  modem  Engines. 

We  shall  now  give  the  result  of  the  experiments, 
made  by  Mr.  Pambour  on  the  Liverpool  railway,  as 
regards  the  evaporating  powers  of  some  of  the  engines 
on  that  railway. 
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T^he  result  of  these  experiments  is,  an  average  eva^^ 
pofating  power  of  55*82  cuhic  feet  of  water  per  hour,  at 
an  average  rate  of  18'88  miles  per  hour.  Comparing 
this  resfdt  with  that  of  the  Arrow  engine,  and  taking  the 
efiect  of  the    radiating  and   communicating  heat   as 

3:1,  we  have  43-12+??^=139;    the  evaporating 

pow»  of  the  average  of  the  engines  per  TaWe  FV. ; 

and20+^^^^114.;  then,asll4  ;  139::44  :  53-6  cubic 

feet  per  hour,  the  evapeorating  pow:er,  as  compared  with 
the  ^Lperiment  of  the  Arrow  engine. 

In  the  latter  experiment,  the  velocity  was  only 
twelve  miles  an  hour,  whereas,  in  Table  IX.,  the 
average  velocity  was  18*88  miles;  it  will,  therefore, 
be  necessary,  to  inquire  what  effect  the  difference  of 
velocity  can  have  in  the  evaporating  powers  of  these 
engines. 

d. — Evaporating  Powers  cU  different  Rates  of  Speed. 

The  draught  of  air  through  the  fire-grate,  and 
combustion  of  the  fuel  is  produced,  not  from  the  rare- 
faction of  the  air  in  the  chimney,  as  in  the  common 
engines,  but  by  the  emission  of  i^team  into  the  chknney ; 
an4  ikl^  HHU  dep^d  upon  the  rapidity  of  discharge, 
or  the  quantity  thrown  into  the  chimney  in  a  gw^fi 
lime,  n  When  the  engine  travels  at  double  rate  of  speedy 
twice  the  number  of  cylinders  full  will  be  thrown  into 
th0  chknney  per  hour ;  and,  therefore,  the  rapidity  of 
the  combiBtion  of  the  fuel,  and;  consequently,  the 
evaporation  of  the  steam,  must  be  correspondingly 
in^^eased.  But  there  is  a  limit  to  this,  we  know, 
that  when  an  engine  travels  at  double  the  rate  of 
^eed,   the  load  which   it  \&j  capable  of  conveying  is 
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considerably  less,  and,  consequently,  the  elasticity  of 
the  steam  in  the  cylinders  is  reduced  ;  its  efiect,  there- 
fore, in  passing  into  the  chimney,  will  be  diminished, 
and,  consequently,  double  the  number  of  cylinders 
full  of  steam,  when  travelling  at  double  the  rate  of 
speed,  cannot  increase  the  power  of  evaporation  in  that 
ratio. 

On  examining  the  table  of  Mr.  Pambour,  the  greatest 
variation  of  the  rate  of  travelling  is  in  Experiments  2 
and  3,  with  the  Atlas  engine ;  the  difference  of  the 
speed  between  these  two  experiments,  is  as  9  to  15 
miles  an  hour  respectively,  or  an  increase  of  about  40 
per  cent. ;  the  increase  of  evaporation  is  about  20  per 
cent.,  or  from  40,  to  48  cubic  feet  per  hour ;  therefore, 
in  this  case,  although  the  number  of  cylinders  full  of 
steam  thrown  into  the  chimney  has  been  increased  iVths, 
the  evaporation  has  only  been  increased  -Arths,  therefore 
the  evaporation  has  only  been  increased  equal  to  one  half 
of  the  extra  number  of  cylinders  full  of  steam  thrown  into 
the  chimney.  The  load  of  the  engine  in  the  two  experi- 
ments, was  nearly  as  the  ratio  of  the  rate  of  travelling  j  for 

Tons.        lbs.        lbs.  lbs. 

195*5  X  8^+527=2081,  the  resistance  of  engine  and  car- 
riages in  Experiment  2,  and  127*64  x  8^ + 6 1 6=:  l637lbs., 
the  resistance  in  Experiment  S,  which  is  nearly  15  to 
9»  the  ratio  of  the  velocity ;  therefore  the  density  of  the 
steam  thrown  into  the  chimney  in  the  two  experiments, 
would  be  nearly  in  that  tatio.  It  follows  from  this  expe- 
riment, therefore,  that  the  evaporation  is  increased  in  the 
proportion  of  one  half  of  the  number  of  cylinders  fiill  of 
steam  thrown  into  the  chimney,  the  density  being  as 
the  velocity. 

This  conclusion  only  results,  however,  from  one  set 
of  experiments,  and  as  the  subject  of  determining  the 
relative  evaporation  at  different  rates  of  speed,  is  of  great 
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importance,  in  the  investigations  of  the  power  of  these 
engines  ;  we  shall,  in  our  calculations  of  the  useful  result 
produced  in  practice,  suppose  the  power  of  evaporation 
constantly  the  same  at  all  rates  of  speed,  until 
we  have  an  opportunity  of  more  conclusively  deter- 
mining the  relative  evaporation  at  different  rates  of 
speed. 

In  adopting  this  mode  of  calculation  at  a  medium  velo^ 
city,  we  keep  below  the  real  powers  of  these  engines ;  as 
when  the  engines  travel  at  a  greater  rate  of  speed  than 
the  average  rate  adopted,  the  evaporating  power  will  be 
greater  than  that  given  in  the  table.  We  are  the  more 
disposed  to  come  to  this  conclusion,  inasmuch  as,  in  our 
calculations  of  the  powers  of  these  engines,  we  have  not 
taken  into  account  the  increased  resistance  of  the  steam 
passing  from  the  cylinders,  arising  from  the  contraction 
of  the  discharging  pipe  into  the  chimney,  to  produce 
the  necessary  draught  of  air  through  the  fire  at  different 
rates  of  velocity.  These  two  will,  in  some  degree, 
balance  each  other,  the  resistance  to  the  free  discharge 
of  the  steam  into  the  chimney  will  increase,  as  the 
velocity  of  discharge  is  increased  ;  while,  on  the  other 
hand,  the  degree  of  evaporation  will,  likewise,  at  the 
same  time,  be  coiTespondingly  increased. 

We  have  made  some  experiments,  to  ascertain  the 
resistance  arising  from  the  contraction  of  the  blast-pipe 
at  different  rates  of  velocity,  but  these  have  not  been 
sufficiently  varied  to  produce  results  on  which  we 
could  found  calculations  satisfactory  to  ourselves ;  until, 
therefore,  experiments  are  made  to  determine  both 
these  effects  accurately,  at  all  the  different  rates  of 
speed  requisite  to  form  a  correct  conclusion,  we  shall, 
as  before  stated,  assume  the  evaporation  of  the  steam 
by  the  locomotive  engines  to  be  constant,  allowing  the 
effect  of  the  increase,  at  the  higher  rates  of  speed, 
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to  be  counteracted  by  the  increased  obstruction  of  the 
steam,  in  its  passage  through  the  blast-pipe  into  the 
chimney. 

The  experiment  of  Mn  Robert  Stephenson  shews, 
that  one  square  foot  of  surface,  exposed  to  the  heated 
air,  produces  an  effect,  only  equal  to  one  third  of  the 
same  area  of  surface  exposed  to  the  radiant  heat ;  the 
average  area  of  surface  exposed  to  radiant  heat,  in 
Table  IX.  is  43-12,  and  of  communicative  heat  288*85  ; 

the  latter  will,  therefore,  be  equivalent  to  —  ^ — =96*12 

square  feet  of  radiant  surface,  which,  added  to  ^S'^IS, 
gives  139*24  square  feet  for  an  evaporation  of  55*881 
cubic  feet  of  water  per  hour,  or  nearly  equal  to  iVths  of  a 
cubic  foot  of  water,  for  each  square  foot  of  surface. 

M.  Pambour  calculates  that,  in  applying  this  to 
practice,  we  should  not  take  the  effective  evaporation, 
at  more  than-Arths  of  a  cubic  foot  of  water,  for  each  square 
foot  of  surface  ;  to  allow  for  the  waste  of  steam  through 
the  safety  valves,  the  loss  by  part  of  the  water  being 
thrown  out  into  the  cylinders  mixed  with  the  steam, 
and  from  other  causes.  By  adopting  this  as  a  standard 
for  the  evaporating  power  of  the  engmes,  we  are  of 
opinion  adequate  allowance  is  made  for  the  loss  by  all 
the  causes  above  named ;  and,  likewise,  for  the  loss  of 
power,  by  the  transmission  of  the  steam  through  the 
blast-pipe  into  the  chimney* 

A  rt.  7* —  Consumption  of  Fuel. 

We  shall  now  endeavour  to  ascertain,  the  quantity  of 
fuel,  consumed  by  those  engines ;  both  as  r^^ards  the 
absolute  quantity,  and  also  the  comparative  quantity 
with  different  loads. 
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a. —  Consvmption  of  the  old  Engines. 

An  inspection  of  the  result  of  the  experiments,  given 
in  Art  d»  §  4,  Chap.  IX.,  will  shew  this  in  the  old 
engines ;  but  as  it  will  be  found  that  the  quantity  varies 
much,  it  may  be  necessary  to  enter  a  little  more  into 
detail  respecting  the  cause  of  such  variation  ;  and  thid 
explanation  will  also  be  the  means  of  still  further  eluci* 
dathfig  the  principles  of  construction  of  these  engines, 
for  diminishing  the  quantity  of  fuel* 

These  experiments  were  made  with  two  engines, 
which  we  have  termed  No.  I.  and  No.  11.,  the  first 
alSbrding  the  experiments  of  Table  II.,  and  the  latt^ 
of  Tabk  III.,  Art.  3,  §  4,  Chap.  IX.  The  construction 
of  both  engines  was  precisely  the  same,  except  in  the 
size  of  the  tube  which  passes  through  the  boiler.  No 
part  of  the  boiler  itself,  as  will  be  seen  on  examination 
of  the  drawing,  Nos.  5  and  6,  page  29^,  is  exposed  to  the 
direct  action  of  the  ignited  fuel.  A  tube  is  put  through 
Che  boiler,  within  which,  upon  grate-bafs,  the  fuel  id 
placed  ;  and  in  this  manner  the  heat  is  communicated 
to  the  water  in  the  boiler.  The  extent  ci  sur&ce  tfS 
the  water  exposed  to  the  direct  action  of  the  fire  will 
then  be  equal  to  the  semi-periphery  of  this  tube.  In 
the  No.  L  engine,  this  tube  was  ^  inches  diameter  \ 
and  in  the  No.  II.  engine,  22  inches  diameter ;  and, 
except  a  corresponding  difference  in  the  size  of  the 
chimney,  the  two  engines  were  in  every  other  respect 
the  same. 

Comparing  Experiments  I.  and  IV.,  where  the  same 
load  was  taken,  we  find  the  quantity  of  fuel  consumed  by 
the  former,  in  travelling  63,280  yards,  to  be  2,534  lbs. ; 
and  in  the  latter,  for  travelling  on  the  same  ground, 
45,200  yards,  equal  to  1487  lbs.  Then,  as  63,280: 
^,200 ::  1487  :  2101  lbs.    Therefore  the  relative  con- 
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sumption  of  fuel  by  the  two  engines,  in  producing  the 
same  effect,  is  as  2534  :  2101,  which  shews  the  saving 
of  fuel  by  increasing  the  surface  of  the  water  exposed 
to  the  action  of  the  fire,  in  the  ratio  of  32 :  40. 

Knowing  this,  it  need  scarcely  be  added,  that  in  every 
case,  the  consumption  of  fuel  in  these  engines  will,  in 
some  measure,  depend  upon  the  extent  of  surfece  ex- 
posed to  the  action  of  the  fire  and  heated  air. 

This,  no  doubt,  arises  from  the  intensity  of  the  heat 
necessary,  in  tubes  where  only  a  small  area  of  fire-grate 
can  be  obtained,  to  keep  up  a  constant  supply  of  steam ; 
and  which,  by  producing  a  more  rapid  combustion  d 
the  fuel,  throws  it  off  imperfectly  consumed.  In  wider 
tubes,  the  intensity  is  diminished,  and  the  fuel  not  only 
undergoes  a  more  perfect  combustion,  but,  presenting  a 
greater  area  of  surface  to  the  water  in  the  boiler,  more 
heat  is  abstracted,  and  the  fuel  thus  produces  a  greater 
effect. 

The  extension  of  this  principle  has  already  led,  and 
will  no  doubt  still  further  lead,  to  a  diminution  in  the 
consumption  of  the  fiiel  in  those  engines;  it  would 
appear,  therefore,  scarcely  proper,  at  present,  to  fix  the 
basis  of  actual  consumption,  for  the  performance  of  a 
definite  quantity  of  work,  as  deduced  from  these  exp€^- 
riments.  As,  however,  the  ratio  of  saving  can  at  any 
time  be  applied  to  any  particular  quantity  fixed  upon, 
we  may,  therefore,  take  the  result  of  the  consumption 
as  deduced  by  the  foregoing  experiments,  as  useftil 
where  this  description  of  engine  is  used,  but  shall^  first 
of  all,  ascertain  the  relative  quantity  with  diiSerent  loads. 

Comparing  Experiments  II.  and  III.,  which  were 
performed  by  the  same  engine^  and  under  precisely  the 
same  circumstances,  except  the  load,  which,  in  the  for^ 
mer,  was  with  nine  carriages,  weighing  73 1 4-  cwL,  and 
in  tlie  latter^  with  twelve  carriages,  weighing  975  cwt.  ; 
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the  consumption  was,  with  nine  carriages,  in  travelling 
85,880  yards,  2534  lbs. ;  and,  with  twelve  carriages, 
1546  lbs.  in  travelling  40,680  yards.  Then,  as  85,880 : 
40,680  : :  1546 :  3263  lbs.,  which  would  have  been  con- 
sumed in  conveying  twelve  carriages  85,880  yards; 
therefore  the  relative  consumption  of  fuel,  with  nine 
and  twelve  carriages,  is  as  2534  :  3263. 

We  have  previously  ascertained  the  friction  of  the 
engine  to  be  426  lbs.,  and  the  friction  of  each  of  the 
carriages  to  be  equal  to  39*35  lbs.  each. 

-  Then  426  +  3935x9=780  lbs.,  the  resistance  of  the 
nine  carriages  and  engine.  And  426  +  39*35  x  12  =r 
898  lbs.,  the  same  with  twelve  carriages,  which  makes 
the  respective  resistances  as  780  :  898. 

-  Now,  as  2534:3263  ::  780  :  1000  lbs.,  so  that  the 
consumption  of  fuel  is  greater,  in  the  ratio  of  1000  :  898, 
than  the  direct  increase  of  resistance  by  the  friction  of 
the  additional  load. 

It  was,  however,  before  stated  that  the  transmission 
of  the  increase  of  resistance,  through  all  the  working 
parts  of  the  engine,  would  create  an  addititional  degree 
of  friction ;  and  this  will,  perhaps,  partly  account  for  the 
consumption  of  fuel,  increasing  in  a  greater  ratio  than 
the  simple  resistance  directly,  though  the  different 
states  of  the  rails,  will  frequently  have  a  greater  effect 
than  this  upon  the  consumption  of  fuel. 

Comparing  these  with  the  experiments  on  No.  II. 
engine,  we  have,  making  the  distance  the  same  in  each 
experiment,  viz.. 

As  20,020  :  45,200  : :  587  :  1325  lbs.  consumed  by 
Experiment  V.,  in  traversing  the  same  distance  as 
Experiment  IV.  The  two  were  performed  with  wheels 
of  different  diameters,  therefore,  as  3  :  4  ::  1487  •  115 
lbs.,  the  weight  of  fuel  which  would  have  been  con- 
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Bumed  by  Experiment  IV*  if  four-feet  wheels  had  heen 
used.  The  relative  quantities,  with  nine  and  twelve 
^rrlages,  will,  therefore,  be  as  1115  :  1325  ;  the  relative 
resistance,  as  above  stated,  was  as  780  :  898 ;  therefore 
as  1115  :  1S25  ::  780  :Q26y  the  resistance  which  the 
quantity  of  fuel  consumed  in  the  experiment  would  luive 
overcome ;  the  direct  resistance  is  898  ;  so  that  the  ocm- 
sumption  of  fuel,  by  experiment,  is  only  greater  in  the 
ratio  of  9^6  :  898  than  the  direct  amount  of  friction  of 
the  engine  and  load. 

This  ratio  being  so  very  nearly  equal,  and  as  the  van* 
ation  of  resistance,  by  the  different  states  of  the  rails, 
will  frequently  amount  to  more  than  this ;  we  may,  in 
practice,  take  the  Experiment  V.  as  the  datum  for  the 
absolute  quantity  of  fuel,  and  assume  the  relative  con- 
sumption of  different  loads,  dragged  at  the  same  rate  of 
speed,  as  proportionate  to  the  respective  resistance 
presented  by  the  friction  of  the  load,  added  to  the  fric- 
tion of  the  engine. 

By  taking  this  experiment  as  a  datum,  we  proceed 
on  sure  grounds,  as  being  nearly  the  maximum  load ; 
for,  if  any  diminution  of  fiiction  takes  place  in  the 
engine,  when  employed  in  dragging  a  lighter  load,  the 
consumption  of  fuel  will  be  more  than  proportionably 
reduced ;  and,  though  against  the  effect  of  the  engine, 
will  be  on  the  safe  side  in  practice. 

The  consumption  of  coals  in  Experiment  V.  was 
587  lbs.  for  conveying  975  cwt.  of  goods,  exclusive  of 
the  weight  of  the  engine  and  convoy-carriage,  20,020 
yards  upon  a  horizontal  plane. 

Reducing  this  to  the  consumption  per  mile,  we  have, 
as  20,020  :  1760: :587  :  51-55  lbs.,  the  fuel  consumed 
per  mile  in  conveying  97^  cwt.,  the  resistance  of  97«5 
cwt.,  as  before  stated,  is  472  lbs.,  and  the  friction  of  the 
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eDgiii6|  436  lbs ;  therefore,  the  quantity  of  coals  con* 
siuned  in  overcoming  a  resistance  of  472 +426  r:  898  lbs. 
for  a  milei  is  51*55  lbs. 

Let  p  =  the  friction  of  the  engine =426  lbs.,  R=the 
friotion  of  any  number  o£  carriages,  which  may  be  taken 
aa  the  26Sd  part  of  their  weight 

Then^  as  898  lbs.,  the  friction  of  the  carriages  con- 
v^ed  one  mile,  is  to  51*55  lbs.,  the  coals  consumed  in 
conveying  those  goods  a  mile,  as  per  experiment ;  so  is 
p+Ethe  resistance  of  any  other  number  of  carriages 

and  engine,  to —^ — ?  the  quantity  of  coals  re- 
quired to  convey  any  given  weight  of  goods,  whose  fric^ 
tion  or  resistance  is  equal  to  r,  the  distance  of  one  mile 
•upon  a  level  edge  railroad* 

The  formula  ^^'^^^R-H^  will  then  represent  the 

898  ^ 

consumption  of  coals  with  any  load  r,  by  engines  similar 
to  those  with  a  single  tube  ;  and  if  by  a  further  dimi- 
nuticm  in  the  consumption  of  the  fuel,  the  quantity  per 
mile  be  reduced  below  51*55,  then  the  diminished  quan- 
tity can  be  substituted  in  its  stead,  and  the  formula  will 
still  represent  the  quantity  with  different  loads,  travelling 
at  the  rate  of  six  miles  an  hour. 

On  examining  Experiments  II.  and  III.,  we  find  one 
engine  take  36  tons  of  goods,  at  the  rate  of  five  miles 
an  hour ;  and  48  tons,  at  the  rate  of  4f  miles  per  hour. 
This  was  effected  by  an  engine,  the  area  of  the  fire- 
place erf*  which  was  6f  square  feet ;  the  surface  exposed 
to  the  radiant  heat  of  the  fire,  being  10^  square  feet, 
and  to  the  flame  and  heated  air,  21  square  feet. 

In  Experiment  V.,  the  area  of  the  fire-place  of  which 
was  seven  square  feet,  the  surface  exposed  to  the  radiant 
heat,  1 H  square  feet ;  and  to  the  communicative  heat 
of  the  flame,  on  its  passage  to  the  chimney,  29|  square 
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&et ;  the  evaporating  surfaces  being  above  one  third 
more,  we  hence  find  the  effect  correspondingly  in- 
creased. The  performance  of  the  latter  engine  was 
48|  tons,  conveyed  at  the  rate  of  6*6  miles  per  hour, 
and,  as  the  relative  resistance,  in  the  most  favourable, 
and  most  unfavourable. weather,  has  been  shewn  to  be 
as  4  : 3 ;  in  the  first  edition  of  this  work,  the  perfonn- 
ance  was  called  in  practice  forty  tons,  moved  at  the 
rate  of  six  miles  per  hour. 

Up  to  the  period  to  which  this  relates  (1825),  we 
may  state  this  as  about  the  maximum  performance  of 
engines  of  that  weight,  working  upon  four  wheels. 
Heavier  engines  had,  in  one  or  two  instances,  been 
used^  where  the  evaporating  surface  was  greater ;  and, 
in  the  case  of  the  Wylam  engine,  a  drawing  of  which 
was  given  in  the  first  edition,  the  fire  tube,  instead  of 
passing  right  through  the  boiler,  was  made  to  reach 
from  one  end  nearly  to  the  other,  and  then  to  return 
and  pass  out  at  the  other  end,  at  which  the  fire-place 
was.  By  this  mode,  a  greater  evaporating  surface  was 
obtained,  but  the  area  of  the  fire-place,  from  the  return 
tube  having  to  pass  out  at  the  same  end  of  the  boiler, 
was  consequently  diminished  ;  and,  therefore,  though  a 
partial  economy  in  the  consumption  of  fuel  was  effected, 
yet  the  initial  performance  of  the  engine  was  not 
increased. 

We  may,  therefore,  state,  that,  at  this  period,  forty 
tons,  conveyed  at  the  rate  of  six  miles  an  hour,  was  the 
maximum  performance  of  those  kind  of  engines  ;  which 
is  little  more  than  the  effective  performance  of  seven 
horses,  exclusive  of  the  motive  power  required  to  propel 
the  engine. 

From  the  construction  of  the  engine  in  the  fore* 
going  experiments,  the  consumption  of  fuel  was  propor* 
tionably  great  Mr.  Watt,  who  paid  particular  attention 
to  the  economy  of  fuel,  states,  that  in  the  most  judicious 
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fbmiK^es,  it  requires  eight  feet  of  surface  to  be  exposed 
to  tlie  action  of  the  fire  and  flame  to  boil  off  one  cubic 
foot  of  water  in  an  hour,  and  that  a  bushel  of  coals^  i.  e. 
84k  lbs.,  would  evaporate  ten  cubic  feet  of  water. 

'The  following  table  will  shew  the  consumption  of 
fueU  in  the  experiment  above  alluded  to,  with  the  sur- 
face of  the  water  exposed  to  the  action  of  the  heated 
air  and  flame* 

Table  !• 


ii         »>     I      "|i   ■       I 


SifMnliient. 


s 

4 
5 
lir.  Watt 


Cubic  ibet 

of  water 

evaporated 

per  hour. 


Surface 

of  tube  in 

square  feet. 


14-86 
14-4« 
15-07 
lS-01 
15-92 
15-00 


SI  •41 
31*41 
SI '41 
41-28 
41-28 
120 


lbs.  of  coal 
required  to 

evaporate 
a  cubic  foot 

of  water. 


CoDSumption 

of  fuel 

per  ton  per 

mile. 


17-75 
18*54 
21-37 
18-96 
18*34 
8-4 


2-9 

2-13 

2*05 

2-34 

1*60 


The  average  of  the  first  three  experiments  gives 
only  2*12,  and  the  two  last  2*9^  square  feet  of  surface 
for  each  cubic  foot  of  water  evaporated ;  while  the 
area,  according  to  Mr.  Watt,  should  be  eight  square 
feet  \  andy  accordingly,  we  find,  that  the  general  ave- 
rage gives  nearly  19  lbs.  of  coal  to  convert  a  cubic  foot 
of  water  into  steam ;  whereas  Mr.  Watt  found  the 
quantity  required,  only  8*4  lbs. 

.  We  see,  therefore,  in  a  very  striking  manner,  the 
cause  of  the  great  waste  of  fuel  in  locomotive  engines 
of  the  above  construction,  arising  from  the  want  of 
proper  area  of  water  exposed  to  the  fire  and  heated  air  \ 
the  greatest  part  of  the  heat,  from  the  combustion  of  the 
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fuel,  passing  up  the  chimneyt  without  being  abstracted 
by  the  water. 

The  above  experiments  give,  respectively,  the  con- 
sumption of  fuel,  varying  from  2*9  to  1*60  lbs.  per  ton 
per  mile  of  the  goods  conveyed,  exclusively  of  the 
weight  of  the  engine. 

The  average  of  several  years'  consumptioq  of  the 
engines  upon  the  Killingworth  railway,  gives  2*13  ib9* 
per  ton  per  mile ;  and  the  consumption  of  the  Darlmg- 
ton  engines,  as  stated  by  Mn  Story,  is  2*16  lbs.  per 
ton  per  mile ;  and  an  experiment,  detailed  by  Messrett 
Stephenson  and  Locke*,  with  an  engine  upon  the 
Bolton  and  Leigh  railway,  gave,  in  twelve  hours^  ld8 
waggons  of  marl  and  sand,  each  weighing  four  tom^ 
exclusive  of  carriages,  conveyed  over  a  distance  of  lA 
miles,  equal  to  488  tons,  over  one  mile,  with  a  con- 
sumption of  15  cwt  of  coals  by  the  engine,  and  1  cwt. 
in  heating  water,  which  is  2*03  lbs.  per  ton  per  mile. 

The  three  last  adduced  experiments  give  2*10  Iba. 
per  ton  per  mile,  but  as,  in  these  cases,  the  engine  had 
to  drag  the  empty  carriages  back  without  any  useful 
weight ;  we  may,  supposing  the  engine  loaded  equally 
in  both  directions,  and  upon  a  level  railway,  deduct 
one  fourth,  making  the  consumption  1*60  lbs.  per  ton 
per  mile. 

In  the  second  edition  of  this  work,  we  made  the  con* 
sumption  5V55  lbs.  for  conveying  48*75  tons,  including 
carriages ;  or  31*8  tons  of  goods  one  mile,  equal  to 
1*62  lbs.  per  ton  per  mile.  We  have  before  seen,  that 
the  relative  consumption  of  fuel,  with  different  loads,  is 
as  the  respective  distances  of  the  friction  of  engine  and 
load ;  the  friction  of  48*75  tons  was  472  lbs.,  and  tfao 
engine,  426  lbs. 

*  On  Uie  compsntife  merils  of  locomotiye  and  fixed  engfns^ 
P- 18* 
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Let  p  i=i  the  ftictioii  of  the  engine =426  lbs*!  a  2=  the 
friction  of  the  load. 

Then /^    ^  =  the  quantity  of  coals  required 

to  convey  any  given  weight  of  goods,  whose  friction  or 
resistance  is  equal  to  b,  along  a  level  railroad,  the  dis* 
tance  of  one  mile,  when  loaded  in  both  directions ;  or 

—  5>Qi>^  ^  ^^  when  the  goods  are  conveyed  in  one  di- 
rection only,  and  the  engine  has  to  return  with  the 
empty  carriages,  the  average  rate  of  speed  being  six 
miles  per  hour.  But,  as  considerable  waste  generally 
occars  in  practice,  perhaps,  in  most  cases,  it  may  be 
advisable  to  calculate  upon  the  last-named  quantity. 
This,  therefore,  may  be  taken  as  the  consumption  of 
fuel  with  locomotive  engines  of  the  best  construction, 
with  a  single  tube.  An  experiment  with  an  engine  of 
a  double  tube,  gives  the  consumption  1'60  lbs.  per  ton 
per  mile. 

We  have  before  stated,  that,  in  1825,  the  power  of 
these  engines  was  rateable  at  about  forty  tons,  conveyed 
six  miles  an  hour ;  at  this  period  they  were  not,  there- 
fore, adapted  for  quick  rates  of  speed.  Their  power 
being  in  strict  proportion  to  the  area  of  evaporating 
surface,  it  follows  that,  to  obtain  a  greater  power  of 
engine,  we  must  either  increase  the  area  of  evaporating 
surface,  or  produce  the  same  effect  by  the  increase  in 
the  intensity  of  the  fire.  In  the  old  form  of  engines^ 
the  single  or  double  tube  formed  almost  insuperable 
obstacles  to  their  improvement ;  for,  if  we  increased  the 
size  of  the  tube,  it  increased  the  weight  of  the  engine ; 
and  an  increase  in  the  intensity  of  the  fire,  could  only 
be  effected  by  a  waste  of  fuel,  already  disproportionably 
greats  by  a  want  of  a  proper  area  of  heating  surface. 
Accordmgly,  we  find,  that  so  long  as  the  formation  of 
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the  fiteam  was  effected  by  boilers  with  a  single  or  doid>le 
tube,  the  improvement  of  those  engines,  and  their 
adaptation  to  quick  rates  of  travelling,  made  little  pro- 
gress.  Upon  the  Darlington  railway,  an  engine  with  a 
much  greater  evaporating  surface  of  boiler  was  applied ; 
but  the  weight  was  proportionably  increased,  so  as  to 
render  the  employment  of  six  wheels  necessary* 

b. — Consumption  of  Fuel  of  the  improved  Engines^ 

We  now  come  to  the  consumption  of  fud  by.  the 
improved  engines.  In  the  account  of  the  contest  for  the 
premium,  for  the  best  locomotive  engine  at  Liverpool, 
we  gave  the  result  of  the  trials  of  the  different  engine9« 
These  trials  were  accurate  experiments,  as  to  the  co^ 
sumption  of  coke,  with  the  different  loads  attached  to 
the  engines.  In  the  old  engines,  which  were  exdiK 
sively  employed  on  private  railways,  the  description  of 
fuel  used  is  coal.  On  public  railways  it  is  made  impe* 
rative  by  the  legislature,  that  ^^  the  engines  should  emit 
BO  smoke ;''  and,  in  some  acts,  that  coke  should  be 
exclusively  used.  In  the  following  inquiries,  as  to  the 
consumption  of  fuel,  we  shall  confine  ourselves  to  expe* 
riments  with  coke. 

The  result  of  the  experiments  at  the  Liverpool  con- 
test has  been  given  in  §§  8,  9,  10,  Chap.  VL,  which 
shews  the  quantity  of  coke  required  to  convert  a  cuIhc 
foot  of  water  into  steam,  in  the  different  engines.  We 
there  see,  that,  with  the  Rocket  engine,  11*7  lbs.  of  coke 
converted  a  cubic  foot  of  water  into  steam,  while,  by 
the  old  engines,  it  required  18*34  lbs.  The  area  of  the 
fire-grate  of  the  two  engines  was  nearly  the  same,  beiog 
six  square  feet  in  the  Rocket,  and  seven  square  feet  m 
the  old  engines.  Supposing  the  intensity  of  the  iire  to 
be  the  same  in  both  cases,  the  relative  quantity  of  fudl 
consumed  per  hour  should  be  in  tlie  proportion  of  6 ;  7.} 
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but  we  find  that  the  relative  quantity  of  water  evapo- 
rated per  hour,  is  18*24  :  15*92 ;  so  that,  besides  eflFect- 
ing  a  saving  in  the  consumption  of  fuel,  a  greater  eva- 
porating power  is  also  attained.  The  cause  of  this  is 
apparent;  the  capacity  of  the  fire-place  is  much  increased, 
by  the  adoption  of  a  vessel  separate  from  the  boiler,  in 
which  the  fire  is  placed ;  and,  therefore,  although  the 
area  of  fire-grate  is  in  the  proportion  of  6  :  7>  the  capa* 
city  of  the  fire-place,  or  the  surface  exposed  to  the 
direct  radiation  of  the  heat  of  the  fire,  is  as  20  :  11 -y* 
This,  therefore,  by  exposing  a  greater  surface  of  the 
water  to  the  direct  action  of  the  fire,  increases  the  eva- 
piorating  powers  of  the  engine,  and,  at  the  same  time, 
effects  a  greater  abstraction  of  the  heat.  But  this  is 
not  the  sole,  or  indeed  the  most  important  part  of  the 
improvement  of  these  engines.  In  the  old  engines,  the 
heated  air  either  proceeded  direct  from  the  fire-place  to 
the  chimney,  through  a  single  tube  of  large  dimensions, 
or  by  the  same  tube  returned  twice  the  length  of  the 
boiler  j  whereas,  in  the  improved  engines,  the  heated 
air  passes  through  a  large  number  of  tubes  of  small 
diameter.  In  the  old  engines,  the  tube  was  22  inches 
diameter,  and,  consequently,  the  area  380*13  inches. 
This  large  body  of  heated  air  had  only  to  pass  about 
ttx  feet  along  this  tube,  and  the  surface  exposed  to  the 
water  of  the  boiler  was  only  69*1 1  square  inches ;  a 
very  great  portion,  therefore,  of  the  heated  air  never 
comes  in  contact  with  the  outer  surface  of  the  tube, 
and,  consequently,  passes  into  the  chimney  without 
communicating  any  part  of  its  heat  to  the  water,  and 
this  was  seen  by  the  great  destruction  of  the  lower 
end  of  the  chimney,  which  was  constantly  red  hot 
In  the  Rocket  engine,  the  tubes  were  three  inches 
diameter,  and  twenty-five  in  number ;  consequently,  the 
area  of  heated  air  was  176*7  inches,  and  the  surface 
exposed  to  the  water,  235*6  square  inches.  This,  there- 
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fore^  satisfactorily  accounts  for  the  great  cfifierenee,  not 
only  in  the  economy  of  fuel,  but  also  in  the  mcreased 
evaporating  powers  of  the  improved  engines. 

By  thus  placing  the  fuel  in  a  separate  vessel  from  the 
boiler,  and  by  passing  the  heated  air  through  tubes  of 
small  diameter,  we  obtain  a  very  great  evaporatii^ 
power,  without  increasing  the  weight  of  the  engine 
very  materially.  The  Rocket  engine,  though  its  evapo- 
rating powers  were  increased  in  the  proportion  of  18  :  15, 
weighed  only  44-  tons,  while  the  old  engines  wei^ied 
about  six  tons.  Soon  after  these  improvements  were 
made,  we  find  larger  engines  constructed,  with  increased 
evaporating  powers,  with  larger  areas  of  fire-grate,  and 
with  tubes  of  still  smaller  dimensions,  and  more  nume> 
rous.  In  one  of  the  engines  on  the  Liverpool  raihroady 
the  area  of  fire  grate  is  ^5  square  feet ;  the  area  of  the 
surfiu^  exposed  to  the  radiant  heat  of  the  fire  being 
40*2  square  feet ;  the  number  of  tubes  being  140^  and 
the  surface  exposed  to  the  action  of  the  heated  air 
equal  to  416*9  square  feet;  the  bulk  of  heated  ait 
passing  through  the  tubes  being  only  290*2  inches. 

When  these  relative  dimensions  of  the  old  and  im* 
proved  engines  are  considered,  it  will  at  once  be  seen^ 
that  a  very  great  increase  of  their  evaporating  poi^eiB 
must  be  effected,  and  a  very  great  diminution  in  the 
quantity  of  fuel,  required  to  evaporate  the  same  quantity 
oi  water. 

c— Tiflftfe  of  the  Consumption  of  Fuel  of  the  modem 

Engines. 

We  have  already  shewn  the  consumption  of  fuel  in 
9ome  of  the  improved  engines,  from  experiments  made 
soon  after  their  first  introduction  ;  but  the  most  exten- 
sive set  of  experiments  has  been  made  by  M«  Pambour, 
and  given  in  his  work  on  the  locomotive  engine,  we 
5haU|  therefore,  give  the  result  of  these  experiments. 
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In  these  experiments,  the  fire-grate  was  filled  with 
coke  to  the  level  of  the  bottom  of  the  fire-door;  a 
quantity  of  coke  was  then  weighed,  and  placed  in  the 
tender  ;  at  the  conclusion  of  each  experiment,  the  fire- 
grate was  filled  to  the  same  height,  and:  the  quantity 
of  coke  remaining  on  the  tender  again  accurately 
weighed. 

The  coke  was  of  the  best  description,  being  made  in 
close  ovens,  and  was  from  the  Worsley  colliery.  The 
coke  left  from  the  distillation  of  gas,  having  been  pre- 
viously found  to  be  prejudicial  to  the  tubes,  and  having 
been  likewise  found  to  require  12  per  cent,  more^  was 
not  used.  The  calculation  of  the  consumption  per 
mile  was  thus  effected ;  the  distance  traversed  by  the 
engines,  from  station  to  station,  was  29  miles ;  of  this 
distance,  there  was  three  miles  of  plane,  viz.  I4.  miles 
ascending,  and  1^  descending;  there  was,  therefijre, 
264-  miles  of  level,  the  resbtance  of  the  ascending  plane 
is  equal  to  four  times  that  of  the  level ;  therefore, 
264.  -I-  (4  X 14^)  =  324-  miles,  the  distance  upon  a  level, 
equivalent  to  that  of  the  level  part  of  the  line,  and  the 
ascending  plane,  when  the  engines  were  not  assisted  up 
the  plane  by  another,  or  by  two  engines.  When  the 
engine  and  load  were  assisted  up  by  two  engines,  one 
third  of  the  efibrt  would  be  overcome  by  the  engine 
under  experiment;  therefore,  26-j.+2=28  miles,  the 
distance  upon  a  level  plane,  equivalent  to  the  effect  of 
the  engine  under  experiment. 

In  these  calculations,  the  gravity  of  the  engine  and 
convoy,  in  ascending  the  plane,  has  not  been  tdcen  into 
consideration.  Suppose  them  to  weigh  13  to  14  tons, 
the  inclination  being  ^th,  will  be  equal  to  the  resistance 
of  40  tons  on  a  level  for  li  miles  ;  when,  therefore,  the 
weight  of  the  train  was  30  tons,  (which  was  tlie  case 
generally,  when  the  engine  was  not  assisted  up  the 
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plane),  this  addition^  resistance  will  be  equal  to  that 
weight  conveyed  two  miles,  and,  therefore,  32i.+2=344 
miles,  the  distance  taken  by  M.  Pambour  in  calculating 
the  ninth  column,  when  the  engine  was  not  assisted. 
If  the  trains  were  60  to  80  tons,  (which  was  the  case 
when  the  engine  was  assisted,)  the  additional  resistance 
would  be  only  equal  to  one  half,  or  to  one  mile,  with  a 
train  of  that  load;  therefore,  284.+ 1 =29+  miles,  the 
di^t^nce  taken  for  the  engine,  when  assisted  up  the 
plane. 

On  examining  the  table,  it  will  be  found,  that  the 
average  consumption,  for  73  tons,  is  about  948  lbs.  of 
coke,  or  about  0*4  of  a  lb.  per  ton  per  mile.  M.  Pambour 
shews,  however,  that,  taking  the  cost  of  fuel  from  the 
half-yearly  reports  of  the  Liverpool  railway,  the  con- 
sumption, for  the  year  ending  June  30th  183*,  was 
equal  to  0*90  lbs.  per  gross  ton  per  mile,  on  a  level,  with 
an  average  load  of  32  tons. 

Tne  consumption  on  the  Darlington  railway,  with 
tubular  boilers,  is  about  0*86  lbs.  per  gross  ton  per  mile, 
on  a  level;  but,  on  this  railway,  the  weight  of  the 
trains,  conveyed  at  a  time,  is  greater  than  those  upon 
the  Liverpool  railway,  which  produces  a  more  econo- 
mical result. 

The  following  Table  will  shew  the  consumption .  of 
fueU  and  performance  of  the  engines,  on  the  Stanhope 
and  Tyne  railway,  for  the  years  1835  and  1836,  fiir- 
nished  us  by  T.  £.  Harrison,  Esq.,  engineer. 
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Table  III. 


Names 
of  engines. 

1835. 

• 

1836. 

Number 

of  miles 

trareUed 

by  each 

engine. 

Weight  of 

gooda^otoas, 

conveyed 

one  mile. 

Gross 
weight  of 
load,  ui  Cons, 
Includng 
caniages 
ooDTeved 
one  mile. 

1^ 

Number 
of  miles 
traveUed 
by  each 
engine. 

Wrifbtef         Grou 

weigbtof 
B00da,iat9Mb  load.intau, 

conveyed        carriafcm. 

eanTeycd 

one  mOe.        one  iml«. 

Jacob  Perkins    > 

113 

6-852 

256-832 

• 

568*150 

289 

15-246 

■ 
516-646 

1-126 -329 

Robt  Stephenson 

212 

13-124 

498-438 

1-054581 

223 

14-912 

521*162 

1*122-456 

James  Watt 

140 

9-144 

370-403 

792-671 

197 

12-452 

425-420 

924-470 

Nath.  Ogle 

244 

15-362 

608-927 

1-309  531 

144 

9*866 

324*458 

709-859 

John  Buddie 

181 

10-476 

379*707 

814-313 

140 

9-566 

318*692 

682-883 

ThoB.  Harrison  - 

68 

4-174 

169-718 

297-743 

139 

9450 

883-783 

616-238 

Thos.  Newoomen 

Total 

Average  for  each 
engine 

03 
1051 

1.10 

6-573 

104-084 

226*950 

78 

S'666 

53*039 

102-392 

65-704 

2-388-109 

5-057-939 

1066 

77*158 

2-437-200 

5*284-627 

9-386 

841-158 

722-562 

166 

U-022 

348-171 

754-946 

1 

Consumption  of  coke 

26( 

)  tons. 

Consumptioi 

lofcoke     602taD& 

Ditto          ooal     • 

-       228^ 

J  tons. 

Ditto 

oosl     2143  tons. 

These  will  give  the  consumption  of  fuel  equal  to 
V12  lbs.  per  ton  per  mile,  gross  load,  in  1835  ;  1-16  lbs. 
per  ton  per  mile,  gross  load,  in  1836  ;  and  2*3  lbs.  per 
ton  per  mile,  of  goods,  in  1835 }  and  2*52  lbs.  per  ton 
per  mile,  of  goods,  in  1836.  Mr.  Harrison  states  this 
as  exceeding  the  actual  consumption,  the  engine*men 
being  allowed  to  throw  out  the  dust  of  the  coals  fur- 
nished to  them,  upon  the  railroad,  which  he  calculates 
as  equal  to  one  fourth  of  the  quantity  furnished.  This 
would  give  the  average  consumption  of  these  engines, 
for  the  years  1835  and  1836,  as  equal  to  1-81  lbs.  per 
ton  of  goods,  loaded  in  one  direction  ;  and  0*85  lbs. 
per  ton  per  mile,  gross  load. 
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Upon  the  Newcastie  and  Carlisle  railway,  where  the 
trains,  to  accommodate  the  traffic,  travel  with  less  loads, 
the  consumption  is  about  1  lb.  per  ton  gross,  per  mile. 

Retaining  the  formula  previously  laid  down,  we  have 
the  friction  and  resistance  of  the  Liverpool  engines, 
with  a  load  of  73  tons,*=62l  lbs. ;  the  friction  of  the  load 
and  tender,  255  lbs. ;  the  consumption  of  coke,  29'3  lbs. 

per  mile  ;  consequently,  ~^^^ — -  =  the  consumption 

of  coke  per  mile,  according  to  the  experiments.  This 
we  find,  however,  exceeded  in  practice,  ovidng  to  the 
quantity  of  coke  required  to  raise  the  steam  at  starting, 
waste,  &c.,  in  the  proportion  of  5  : 9 ;   which  would 

make  tl.e  theorem.  ^^•7><rTF  ^^ich,  we  find,  does  not 

876 

materially  differ  from  that  formerly  given. 

M.  Pambour  gives  a  different  theorem  than  this, 
which  is,  perhaps,  more  strictly  correct ;  the  above, 
however,  is  less  complicated,  and  will,  we  are  inclined 
to  think,  be  found  sufficiently  correct  for  general 
practice. 

Art.  8. — Power  of  Locomotive  Engines* 

We  come  now  to  consider  the  effective  performance 
of  these  engines,  or  the  quantity  of  work  they  are 
capable  of  performing,  on  given  lines  of  railway. 

In  the  first  edition  of  this  work,  we  stated  the  per- 
formance of  the  best  locomotive  engines,  at  that  period 
in  use,  as  equal  to  forty  tons,  conveyed  at  the  rate  of  six 
miles  an  hour  ;  four  years  after  this,  or  in  1829,  accord- 
ing to  the  table  given  by  Messrs.  Walker  and  Rastrick, 
they  fixed  forty-eight  tons  and  a  half,  conveyed  terx 
miles  an  hour,  as  the  greatest  performance,  the  direc- 
tors of  the  Liverpool  railway  could  expect  from  them, 
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and,  tlierefore,  at  that  time  little  progress  had  been  made 
in  their  improvement. 

We  cannot  subscribe  to  the  conclusion  of  Messrs*  Wal- 
ker and  Rastrick,  that  the  same  engine,  capaUe  only 
of  moving  a  load  of  sixty  tons,  including  itsdf,  at  the 
rate  of  five  miles  an  hour,  will  propel  thirty  tons  at  the 
rate  of  ten  miles  an  hour.  This  is  supposing^  what  is 
not  the  case,  that  the  friction  of  the  engine  is  not 
greater  per  ton  than  the  carriages.  We  have  shewn,  in 
Experiment  VIIL,  that  the  friction  of  the  moving 
parts  of  the  old  engines,  when  divested  of  the  action  of 
the  steam,  is  equal  to  214  lbs.,  and  this  was  with  an 
engine,  the  weight  of  which,  including  the  tender,  was 
nine  tons  ;  this  is,  therefore,  the  least  friction  we  can 
calculate  upon,  being  the  resistance  of  the  engine  with- 
out a  load.  We  have  previously  stated,  in  respect  of  the 
consumption  of  fuel,  that  the  whole  resistance,  or  tliat 
which  results  when  the  engine  is  loaded,  should  be  taken 
into  account.  Supposing,  however,  the  resistance  of 
the  moving  parts  only  be  considered,  without  reference 
to  the  additional  resistance,  by  the  pressure  of  the  steam 
and  load,  we  have  tlie  friction  of  the  engine  =  200  lbs. 
If  we,  now,  take  the  friction  of  the  load  at  10  lbs. 
per  ton,  or  500  lbs.,  the  whole  resistance  will  be  = 
700  lbs.,  or  700x5=3500,  the  effect  at  five  miles  an 
hour. 

Then  3500-?- 10=350,  the  resistance  which  the  same 
power  is  capable  of  moving  at  the  rate  of  ten  miles  an 
hour;  whence  350  -  200  =  150 lbs.,  the  useful  effect 
which  the  engine  is  capable  of  producing,  or.  fifteen 
tons  gross,  equal  to  ten  tons  of  goods. 

Our  estimate  of  forty  tons,  at  six  miles  an  hour,  wouldt 
according  to  the  above  calculation,  ^ve  sixteen  tons 
gross,  conveyed  at  the  rate  often  miles  an  hour. 
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Supposing,  however,  Messrs.  Walker  and  Rastrick's 
standard,  to  have  been  at  ten  miles  an  hour,  and  that 
the  proposed  engine  would  take  nineteen  tons  and  a 
half  gross,  or  thirteen  tons  of  goods,  at  that  rate  of 
speed ;  this  would  give  only  six  tons  and  a  half  gross,  or 
four  tons  of  goods,  at  the  rate  of  fifteen  miles  an  hour,  or 
at  the  average  rate  of  travelling  upon  the  Liverpool  and 
Manchester  railway  at  present. 

We  see,  therefore,  that  in  1825,  and  for  four  years 
afterwards,  there  did  exist  some  grounds  for  arriving  at 
the  conclusions,  which,  subsequently  to  the  Liverpool 
experiments,  led  to  some  very  satirical  remarks,  in  some 
of  the  journals,  on  the  performance  assigned  in  the  first 
edition.  As  a  practical  work,  it  would,  especially  in 
that  year  of  excitement,  have  been  very  reprehensible 
td  have  assigned  performances,  in  anticipations  of  im- 
provements, which  might,  or  might  not,  have  taken 
place. 

On  a  reference  to  that  edition,  it  will  be  seen,  that 
sufficient  stress  was  laid  upon  the  improvements,  of 
which  it  was  said  those  engines  were  susceptible ;  but 
it  would  have  been  departing  from  the  character  of  the 
work,  to  have  assigned  performances  in  anticipation  of 
improvements,  that  might  lead  to  the  adoption  of  those 
engines,  and  which,  when  adopted,  might  have  been 
found  inadequate  to  perform  the  work  assigned  to 
them» 

We  feel  the  above  remarks  necessary,  in  explanation 
of  an  error  which  we  have  been  accused  of  dissemin- 
ating, but  which,  we  trust,  will  have  been  productive  of 
less  injurious  consequences  than  if  we  had  erred  in  the 
opposite  way. 

Apologising  for  this  digression,  we  shall  now  endea- 
vour  to  fix  some  standard  for  the  present  performance 
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of  these  engines.  In  doing  so,  we,  however,  feel  a  diffi- 
culty of  no  ordinary  kind.  These  engines  have  just, 
or  scarcely  yet,  perhaps,  emerged  from  a  course  of  im- 
provements, as  rapid  as  they  have  been  astonishing. 
Little  more  than  eight  years  ago,  we  find  them  incapable 
of  effecting  any  great  rate  of  speed,  four,  and,  at  most, 
six  miles  an  hour,  being  their  ordinary  rates  o£  travel- 
ling upon  the  railways  on  which  they  had  been  intro- 
duced ;  and  now  we  find  their  regular  day's  work,  with 
goods,  averaging  more  than  twelve  miles,  and  in  their 
daily  work  with  passengers,  averaging  more  than 
twenty  miles  an  hour,  with  the  utmost  ease. 

With  improvements  such  as  these  in  progress,— fiK 
every  engine  yet  made  seems  superior  to  that  preced- 
ing it, — ^we  need  scarcely  say,  that  it  is  extremely  difficult 
to  decide  upon  any  fixed  standard,  without  erring  on 
either  one  side  or  the  other.  Perhaps,  even  before  the 
work  issues  from  the  press,  their  capabilities  may  be 
very  considerably  increased.  We  are,  however,  not- 
withstanding the  error  into  which  we  are  accused  of 
having  previously  l^len,  inclined  to  fix  our  data,  rather 
upon  their  present  powers,  than  upon  any  speculative 
capabilities,  which,  we  do  not  doubt,  they  may  hereafter 
be  made  to  attain. 

We  shall,  in  doing  so,  be  obliged  to  confine  oaraehres 
to  the  engines  on  the  principle  of  Messrs^  Stephensoo 
and  Co.;  for,  although  Messrs.  Braithwaite  and  Erickson, 
and  Others,  may  produce  engines,  capable  of  competing 
with  those,  in  performance,  at  some  time  or  other,  yet, 
we  have,  at  present,  no  data,  on  which  we  can  asrign 
any  tangible  performance  to  these  engines.  We  under- 
stand, that  in  an  engine,  made  by  Braithwaite  and 
Erickson,  for  the  Liverpool  railway,  those  gentlemen 
abandoned  the  principle  o£  forcing  the  air  through  the 
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fire,  by  means  of  the  bellows,  and  adopted  that  of  ex^* 
haustion,  by  means  of  a  fan-wheel,  applied,  in  a  cham- 
ber, at  the  chimney  end  of  the  generator.  We  have, 
however,  no  opportunity  of  giving  correct  data  of  the 
performance  of  these  engines ;  and  we,  therefore,  ab- 
stain from  any  opinion  whatever  as  to  their  merits. 
An  experiment  made  at  Mr.  Laird's  works,  at  Li ver- 
pooli  upon  a  low-pressure  boiler,  by  an  exhausting  ap- 
paratus, of  Me^rs.  Braithwaite  and  Erickson's  principlei 
having  shewn  a  surprising  result,  as  to  economy  of  fuel, 
may  induce  some  to  adopt  this  principle.  The  length 
of  flues,  in  this  Experiment,  (see  Note  E^  Appendix,) 
was,  however,  forty-five  feet;  a  length,  we  should 
imagine,  rather  difficult  to  obtain  in  a  locomotive  engine^ 
and  to  which,  we  suspect,  the  economy  of  fuel  in 
this  experiment  was  attributable. 

Both  the  engines  of  Messrs.  Stephenson  and  Erickson 
may,  therefore,  be  said  to  be  on  the  same  principle, 
vi2.,  that  of  exhaustion,  by  mechanical  means ;  the  for- 
mer, by  the  application  of  the  steam  into  the  chimney, 
after  its  passage  through  the  cylinders,  and  the  other  by 
a  fan.  It  remains  yet  to  be  ascertained,  which,  in  the 
first  place)  produces  the  most  complete  exhaustion, 
and  then,  which  of  the  two  requires  the  greatest  power 
to  eflFect  it ;  the  power  required  to  work  the  fan,  on  the 
one  hand,  or  the  loss  of  power,  occasioned  by  the  con- 
traction of  the  exit  pipe,  to  produce  a  jet  of  steam  into 
the  chimneyi  on  the  other.  The  principle  of  exhaust- 
ing, or  producing  a  current  of  air  for  combustion,  by 
mechanical  means,  allows  the  whole  of  the  useful  heat 
to  be  abstracted ;  none  being  required  to  produce  a 
draught  in  the  chimney,  as  in  engines^  the  process  of 
the  combustion  of  the  fuel  of  which  is  kept  up  by  the 
fare^tion  of  the  air  in  the  chimney }  and,  therefore, 
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we  should  expect  a  considerable  effect  produced/  in 
the  economy  of  fuel  of  those  engines,  the  draught 
of  the  fire  of  which  is  produced  by  mechanical 
means. 

These  were,  generally,  the  observations  made  in  the 
second  edition  of  the  work,  published  in  1831.  At 
that  time,  the  improvements,  resulting  from  the  liver- 
pool  experiments,  were  just  being  carried  into  practice, 
and  every  succeeding  engine  made  was  more  powerful, 
and  in  a  higher  state  of  perfection,  than  that  which  pre- 
ceded it.  Since  that  time  these  improvements  have  been 
extended,  so  as  to  produce  engines  much  more  efficient, 
more  compact,  and  with  evaporating  powers  more  than 
five  times  greater,  than  engines  of  the  same  weight 
were  capable  of  effecting  formerly ;  and  their  power  ci 
dragging  loads,  compared  with  their  weight,  has  been 
comparatively  increased. 

a. — Explanation  of  the  Principles  which  govern  the 

Power  of  Locomotive  Engines. 

We  have  already  explained,  that  the  power  of  ,a 
locomotive  engine,  is  not  to  be  estimated  by  the  pres- 
sure of  the  steam  in  the  boiler,  and  the  diameter,  and 
length  of  stroke,  of  the  piston.  In  passing  between  the 
boiler  and  the  cylinder,  the  elastic  force  of  the  jsteam 
is  diminished,  before  it  reaches  the  cylinder,  by  the 
smallness  of  the  apertures  of  the  steam  pipes,  through 
which  it  has  to  pass.  This  difference  is,  likewise,  more 
frequently  produced,  by  the  evaporating  power .  of  the 
engine,  not  being  capable  of  keeping  up  a  supply  of 
steam  to  the  cylinders,  of  the  elasticity  equal  to  that  in 
the  boiler  ;  and,  therefore,  the  pressure  upon  the  piston 
is  less  than  that  against  the  steam  valve  of  the  boiler ; 
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and  this  diminution  of  the  elasticity  of  the  steam,  in  the 
cylinders,  as  compared  with  that  in  the  boiler,  wiU,  in 
many  cases,  be  in  the  ratio  of  the  increase  of  velocity 
of  the  engine.     Thus,  suppose  an  engine,  capable  of 
evaporating  a  certain  quantity  of  water,  per  hour,  or 
converting  it  into  a  certain  bulk,  or  quantity  of  steam, 
of  the  elasticity  indicated  by  the  valve  on  the  boiler  ; 
if  this  production  of  steam  is  sufficient  to  supply  as 
many  cylinders  full  of  steam,  of  the  density  of  that  in 
the  boiler,  as  shall  be  equal  to  the  number  of  strokes, 
per  minute,  of  the  piston,  required  to  produce  the 
given  velocity ;   then,  the  elasticity  of  the  steam,  in  the 
cylinder,  will  be  the  same  as  that  in  the  boiler,  except 
that  which  is  required  to  force  the  steam,  through  the 
steam  passages,  with  the  requisite  velocity ;  and,  con- 
sequently, the  pressure  on  the  piston  will  be  nearly  the 
same  as  that  in  the  boiler.     But,  if  the  velocity  of  the 
engine  is  such,  that  the  number  of  cylinders  full  of 
steam  required  is  greater .  than  the  evaporation  of  the 
boiler  can  supply,  at  the  elasticity  marked  by  the  steam 
valve,  then  the  elasticity  in  the  cylinders  is  correspond- 
ingly diminished.     Thus,  suppose  an  engine,  capable 
of  evaporating  50  cubic  feet  of  water  into  steam  per 
hour,  and  that  the  pressure,  on  the  steam  valve,  is 
50  lbs.  per  square  inch  ;  this  will  supply  a  given  number 
of  cylinders  full  of  steam  of  that  elasticity.     Suppose 
the  resistance,  to  the  motion  of  the  piston,  be  equal 
to  this  pressure  of  the  steam,  or  equal  to  the  elasticity 
of  50  lbs.  per  square  inch,  of  the  surface  of  the  piston  j 
then   the  engine  will  travel  at  that  rate,  which   the 
evaporating  power  of  the  engine  will  supply  it  with  the 
requisite  number  of  cylinders  full  of  steam.    But,  sup- 
pose the  resistance  upon  the  piston  increased,  by  a 
change  in  the  gradients  of  the  railway,  then  the  velocity 
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of  the  engine  will  be  diminished,  until  the  evaporating 
power  raises  the  elasticity  of  the  steam  in  the  boiler,  so 
as  to  counterbalance  the  increased  resistance  of  the 
piston,  and  the  engine  will,  consequently,  move  more 
slowly.  On  the  contrary,  if  the  resistance  be  diminished, 
by  a  change  of  the  gradients  of  the  railway,  then  steam 
of  a  less  density  will  be  required,  and,  consequently, 
a  greater  number  of  cylinders  full  will  be  furnished 
by  the  boiler,  and  the  velocity  of  the  engine  will  be 
increased. 

We  see,  therefore,  that  the  only  correct  expression 
of  power  of  these  engines,  is  the  evaporating  power  of 
the  boiler,  and  that  the  velocity,  with  which  the  engine 
will  move,  will  depend  entirely  upon  the  quantity  of 
water  it  can  convert  into  steam,  in  a  given  time ;  or 
the  number  of  cylinders  full  of  steam,  of  a  given 
elasticity,  which  the  boiler  can  produce  in  a  given  time. 
Having  found,  therefore,  by  experiment,  the  quantity 
of  water  which  an  engine,  of  given  dimensions,  can 
evaporate  per  hour ;  we  then  find  the  power,  which 
that  engine  is  capable  of  exerting  upon  the  piston,  and 
the  velocity,  or  number  of  strokes,  per  minute,  which 
that  evaporation  will  produce,  with  a  given  load.  The 
volume  of  steam^  which  a  cubic  foot  of  water  will  pro* 
duce,  depends  upon  the  elasticity  ;  this  has  been  ascer- 
tained by  various  experimentalists,  and  the  following 
Table  wfll  shew  the  result. 
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Table  of  the  Volume  of  the  Steam  generated  under 

different  Pressures. 


Table  I. 

Total  pressure  expressed. 

Corresponding 
temperature 

by 
Fahrenheit's 
thermometer. 

Volume  of  the 

steam  compared 

to  the  volume 

of  the  water 

that  produced  it. 

In  lbs.  per 
square  ineh. 

In  atmospheres. 

lbs. 

degrees. 

15 

1021 

212*6 

1*670 

20 

1'361 

227'9^ 

1*282 

25 

1-701 

240*3 

1*044 

30 

2'041 

250'8 

883 

35 

2- 381 

260*0 

767 

40 

2  721 

268*1 

678 

45 

8061 

275*4 

609 

50 

3*401 

1 

282*0 

553 

55 

3*742 

288*1 

506 

eo 

4-082 

293*8 

468 

65 

4 '422 

299*1 

435 

70 

4*762 

304*0 

407 

75 

5102 

308*7 

382 

80 

5*442 

313*1 

360 

85 

5782 

317'S 

341 

90 

6122 

321*3 

324 

95 

6*463 

325*  1 

308 

100 

6803 

328*8 

294 
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In  these  remarks,  we  have  supposed  the  production 
of  steam  in  the  boiler  to  be  a  constant  quantity,  or  the 
same  quantity  per  hour,  whatever  be  the  velocity  of  the 
engine.  We  have  seen,  when  treating  on  the  evaporating 
powers  of  these  engines,  that  the  rate  of  production  is 
increased  per  hour,  when  the  velocity  is  increased.  We 
shall,  however,  for  the  present,  to  avoid  complication  in 
the  calculations  of  their  powers,  assume  that  the  evapo- 
ration is  the  same  per  hour,  at  all  velocities. 

b. — Theory  of  the  Power  of  Locomotive  Engines. 

Then  let  p= the  tot^l  pressure  of  the  steam  in  the 

boiler,  per  square  inch. 
8= the  effective  evaporating  power  of  the 
engine,    expressed  in   the  number  of 
cubic  feet  of  steam  the  boiler  is  capable 
of  evaporating,  in  an  hour,  at  the  pres- 
sure p. 
And  m=the  ratio  of  the  volume  of  the  steam,  at 
the  degree  of  pressure  p,  to  the  volume 
of  water. 
Then  mxs=the  total  volume  of  steam  generated  in 
an  hour,  at  the  pressure  p  of  the  boiler ;  and  as  the 
volume  of  the  steam  will  be  in  the  inverse  ratio  of  the 
pressure  of  the  boiler,  and  the  cylinders  ;  let  R=the 
pressure  in  the  cylinders.      Then  m  x  s  x  |  =the  space 
occupied  by  tiie  steam  in  the  cylinders,  and  if  ^  s  d^zz 

the  area  of  the  two  cylinders  j — ^^  =the  velocity  of  the 

"n  Jif  d  R 

piston  per  hour,  d  being  the  diameter  of  the  cylinder, 

and  jr=:the  ratio  of  the  diameter  to  the  circumference. 

To  determine,  therefore,  the  velocity  of  the  engine, 

let  /=:the  length  of  stroke  of  the  piston,    and  Dsthe 

diameter  of  the  wheels  of  the  engine  worked  by  the 

pistons. 
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Then  v=:   ^  .^gsthe  velocity,  in  feet,  per  hour,  and 

by  dividing  this  by  5280,  we  have  the  velocity  in  miles 
per  hour. 

Thus,  suppose  an  engine  capable  of  evaporating  41*87 
cubic  feet  of  water  per  hour  =  s,  which  we  may  suppose 
to  be  converted  into  steam  of  the  effective  pressure  of 
50lbs.  per  square  inch,  or  a  total  pressure,  p,  of  65lhs. 
per  square  inch ;  the  effective  pressure  being  the  pres- 
sure above  that  of  the  atmosphere.  Now,  in  referring 
to  the  Table  in  page  555 ^  we  find  that  steam  of  a  total 
pressure  of  65lbs.  per  square  inch,  occupies  435  times 
the  space  of  the  water  which  produces  it=7» ;  then, 
wx  8=070x435 =304  cubic  feet  of  steam  produced 
per  minute,  at  the  total  pressure,  p,  of  65lbs.  per  square 

inch.     And  suppose  the  pressure  r  in  the  cylinders 

an 
=461bs.  per  square  inch  j    then   304  x -^=430  cubic 

feet,  the  volume  of  steam,  the  engine  is  capable  of  pro- 
ducing to  the  cylinders  per  minute.  In  this,  we  have 
calculated  the  bulk  of  steam  to  be.  inversely  as  the  pres- 
sure ;  but  we  find  by  the  Table  it  is  not  quite  so ;  we 
may  however,  in  practice,  assume  that  it  is,  as  the 
variation  will  not  affect  the  result  materially. 

If  we  suppose  rf=0-917  feet,  /=l-33  feet,  and  d^ 

5  feet    Then^il^=t?^^4^7-^^=ll,.506feet 

R  rf«  /      46x0-917*  xl03 

per  hour,  the   velocity  which  an  engine,    capable    of 

evaporating  41*87   cubic  feet  of  steam  per  hour,  is 

capable  of  accomplishing,  with  a  load  upon  the  piston 

equal  to  46  lbs.  per  square  inch  of  surface,  which,  divided 

by  5280,  gives  21*79  miles  an  hour. 

Having  ascertained  the  pressure  per  square  inch  of 

surface  of  the  piston^  which  an  engine,  with  a  given 

evaporating  power,  is  capable   of  exerting  upon   thie 
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piston,  we  have  now  to  find  the  value  of  r,  or  resistance 
to  the  motion  of  the  piston,  at  the  different  velocities 
of  the  engine,  in  miles  per  hour.     This  is  composed  of 

1st.  The  friction  or  resistance,  of  all  the  working 
parts  of  the  engine  itself. 

2d.  The  friction  of  the  load. 

3d.  The  pressure  of  the  atmosphere,  upon  the  surface 
of  the  pistons/ 

4th.  The  resistance  to  the  free  emission  of  the  steam, 
from  the  cylinders  into  the  chimney,  through  the  blast- 
pipe. 

1st.  The  first  of  these  resistances,  viz.  the  friction  of 
the  engine  itself,  varies  according  to  the  pressure  on  its 
several  working  parts,  by  the  action  of  the  load ;  and, 
therefore,  it  is  a  variable  resistance,  depending  upon  the 
load  to  which  the  engine  is  subjected.  Let  F=the 
friction  of  the  several  parts  of  the  engine  without  a 
load,  and  s=the  additional  friction  imparted  to  it  per 
unit,  or  for  every  additional  ton  weight  of  load,  and 
M=the  number  of  tons  composing  the  total  load. 

Then  f  +  sm  will  be  the  friction  of  the  engine,  witli 
the  load,  m.  We  have  already,  §  4,  page  487,  determined 
the  value  of  f  =  15  lbs.  per  ton  of  the  weight  of  the 
engine,  and  §  4,  page  504,  found  s= 1*25  lbs.  per  ton,  for 
every  additional  ton  of  load. 

2d.  The  second  of  these  resistances,  is  composed  of 
the  friction  of  the  axles,  and  the  resistanceof  the  wheels 
of  the  carriages  upon  the  rails ;  we  have,  also,  ascertained 
these  to  be  equal  to  8*5  lbs.  per  ton.  Making,  therefore, 
M=the  number  of  tons  weight  of  the  carriages  and 
tender,  and  wz=8^5lbs.,  we  have  n  M=the  resistance  of 
the  carriages  and  tender. 

3d.  The  pressure  of  the  atmosphere  on  the  pis- 
tons, will  be  14'7  Ihs.  per  square  inch  of  surface,  which 
makeup. 


LOCOMOTIVE    ENGINES.  559 

4th.  The  resistance  to  the  free  discharge  of  the  steam, 
arises  from  the  contraction  of  the  blast-pipe,  for  the 
purpose  of  causing  a  sufficient  quantity  of  air  to  pass 
through  the  fire-grate.  This  resistance  is  variable,  to 
a  certain  extent  depending  upon  the  area  of  the  pipe, 
and  the  velocity  with  which  it  is  required  to  pass  into 
the  chimney ;  when  the  engine  is  moving  at  a  rapid 
rate,  the  velocity  being  required  to  be  greater  than 
when  moving  at  a  slow  rate.  We  have  not  yet  made 
experiments  sufficient  to  satisfy  ourselves,  what  the 
actual  obstruction,  to  the  free  emission  of  the  steam, 
from  the  cylinders  is,  at  difierent  rates  of  velocity ;  by 
applying  a  mercurial  barometer  to  the  inside  of  the 
cylinder,  and  also  into  the  chimney,  we  are  disposed  to 
place  the  resistance  at  about  3  lbs.  per  square  inch  of 
surface  of  the  piston. 

We  have  befofe  seen,  in  Art.  6,  §  4,  page  527,  that 
the  evaporation  of  steam  is  correspondingly  increased, 
by  the  rapid  emission  of  the  steam  into  the  chimney, 
at  high  rates  of  velocity ;  if,  therefore,  we  take  the 
evaporating  power,  of  these  engines,  at  a  determinate 
rate  of  speed,  or  at  twenty  miles  an  hour,  and  make  an 
allowance  of  three  lbs.  per  square  inch  of  surface  of  the 
piston,  at  that  rate  of  speed,  allowing  the  increased 
powers  of  evaporation  as  a  setoff  against  the  increased 
resistance,  from  the  blast-pipe,  at  high  rates  of  velocity, 
we  shall  not  err  much,  in  the  absence  of  conclusive 
experiments. 

We  must,  therefore,  make  p  =  14*7  +  3  =  17'7  lbs* 
per  square  inch ;  or,  2880  lbs.  per  square  foot  of  the 
piston,  for  the  resistance  of  the  atmosphere,  and  the 
obstruction  to  the  free  emission  of  the  steam  from  the 
cylinders. 

D 

We  have,  then,  r=(f  +  8  M+nMj^Tj+P* 
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By  expressing  the  quantities,  d  /  and  d,  in  feet,  and 
Pf  in  lbs.,  per  square  foot 

mi  mPSD  .It-/. 

Then  V  =  [-F  +  (s  +  ^)M3D+j>rf»^  ^^^  ^^l^^ty  of 
the  engine,  in  feet,  per  hour ;  and  which,  divided  by 
5280  feet,  will  give  the  velocity,  in  miles,  per  hour. 

We  thus  find  the  velocity,  which  an  engine,  capable 
of  evaporating  the  quantity  of  steam  r  s,  can  travel  with 
the  load,  m. 

By,  therefore,  transposing  this  formula,  we  find 

mpsD— prf*/v_     F  1     J    •     1   J. 

^  =      (S-fn)vD  rr^>^^^  ^^^^'  including  ten- 

der,  which  the  same  engine  can  draw  at  the  velocity  v. 

Thus,  suppose  p= 9360  lbs.,  the  pressure,  per  square 
foot,  in  the  boiler. 

m=435,  the  volume,  which  steam,  at  the  above  elas- 
ticity, occupies  above  that  of  water. 

s=:54f  cubic  feet,  the  evaporating  power  of  the 
engine. 

D=4*5  feet,  the  diameter  of  the  driving  wheels  of  the 
engine. 

c/.=  l,  diameter  of  the  cylinder,  in  feet. 

/=  1*5,  length  of  the  stroke  of  piston,  in  feet 

^=2880  lbs.,  the  pressure,  per  square  foot,  on  the 
piston,  equal  to  the  pressure  of  the  atmosphere, =244*8 
added  to  432  lbs.,  the  resistance  to  the  steam,  in  passing 
through  the  blast-pipe. 

F= 180  lbs.,  the  friction  of  the  several  parts  of  the 
engine,  unloaded,  the  weight  being  twelve  tons. 

$=1*25  lbs.,  the  increase  of  friction,  which  every  ton 
weight  of  the  load  imparts  to  the  engine. 

.  r=8'5  lbs.,  the  friction  of  the  carriages,  and  tender, 
per  ton. 

M  =  106  tons,  the  supposed  weight  of  the  load,  tender 
included. 
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o. — Pow&r  x>f  Engines  J  with  respect  to  Velocity  ^  with 

different  Loads. 

The  velocity,  v,  which  an  engine  of  the  above 
dimensions,  and  powers,  will  travel,  with  a  load  of  100 
tons,  exclusive  of  the  tender,  will  be 

V  =  r ,, TT7  =  101,loO  feet  per  hour ; 

435  X  9360  X  54  X  4-5 
'  C180  +  (8-5  +  1-25x106]  x  4-5)  +  S880x  Px  1-5 
=  101,160  feet  per  hour ;  which,  divided  by  5280,  gives 
nearly  nineteen  miles  an  hour ;  the  rate  at  which  an 
engine  of  the  above  dimensions  will  travel,  with  a  load 
of  106  tons,  tender  included  j  or,  100  tons,  exclusive  of 
the  tender. 

This  expression  of  v,  must,  however,  be  taken,  witliin 
certain  limits ;  r,  may  be  so  reduced,  as  to  give,  by 
theory,  a  velocity,  beyond  that  which  prudence  would 
dictate ;  as,  for  instance,  if  no  load  at  all  was  attached 
to  tlie  engine,  except  the  tender,  which  may  be  taken 
at  six  tons ;  we  find,  by  the  formula,  that  the  velocity 
would  be  upwards  of  47'5  miles  an  hour.  At  this  rate 
of  velocity,  the  resistance  of  the  air  would  increase,  so 
as  to  make  the  resistance  to  the  motion  more  than  that 
assigned  to  the  engine,  and  tender,  and  the  obstruc- 
tion to  the  steam,  passing  through  the  blast-pipe,  would 
also  increase,  in  proportion  to  the  velocity ;  on  the  othei? 
hand,  we  would  have  an  increase  to  the  production  of 
steam,  still  no  useful  effect  would  be  produced,  by  such 
an  engine,  at  so  rapid  a  rate  of  travelling. 

If  the  maximum  velocity  be  thirty  miles  an  hour,  the 
load,  including  the  tender,  would  be  about  thirty-one 
tons ;  we  see,  therefore,  that  if  a  greater  velocity  than 
thirty  miles  an  hour  is  required,  we  must,  to  produce  a 
useful  practical  result,  have  engines  of  greater  evapo- 
rating powers. 

o  o 
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We  now  give  the  rates  of  speed  at  which  locomotive 
engines,  of  different  evaporating  powers,  will  travel, 
with  various  loads  upon  a  level  railroad. 

Table  II. 


\ 

— 
Rate  of  speed  in  miles  per  hour,  with  the  difierent 

Loud 

evaporating  powers  of 

in  ioniy 
tender 

included. 

49edbiefeet 

48eubiefeeC 

54eubiefect 

60  tvStAe  feet 

per  houiw 

per  hour. 

per  hour. 

per  hour. 

25 

3090 

31  "45 

31*71 

32*15 

50 

2515 

26*13 

26*81 

27*36 

75 

22*54 

23*63 

24*45 

25*02 

100 

18*18 

19*37 

20*38 

21*29 

125 

15*98 

17  17 

18*15 

19*13 

150 

14*29 

15*42 

16*41 

17*37 

175 

12^28 

13*98 

'     14*97 

15*90 

200 

11*20 

12*81 

13*75 

14*67 

225 

10*77 

11*81 

12*73 

13-62 

The  dimensions  of  the  engmes,  from  which  the  per- 
formances, shewn  in  the  above  Table,  are  calculated, 
are  as  follow : — 

Table  IIL 


Dimmeter  of  cylinder 

Evaporating  power  in  cubic  feet  of 
water  per  hour. 

No.1. 

No.  8. 

No.S. 

No.  4. 

12  ins. 

IS  ins. 

14  ins. 

14  ins. 

Length  of  tHoke 

16  ins. 

16  ins. 

16  ins. 

ISinsu 

Wdght  of  engine 

10  tons. 

11  tons. 

18  tone. 

IS  tons. 

Diameter  of  drifing  wheels  - 

SieeL 

5  feet. 

5(eet. 

jfcec 

Aree  of  heedng  lurfeoe 

140  sqr.ft. 

160  sqr.ft. 

180  sqr.ft. 

906iqr.ft. 
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d.-^Power  of  Engines^  with  respect  to  Loads,  at 

different  Velocities. 

Having  the  velocity,  at  which  it  is  intended  a  loco- 
motive engine  should  travfel, .  we  can  determine  the 
load,  M,  which  the  engine  will  drag  j  let  the  velocity,  v, 
be  equal  to  19'l6  mUes  an  hour,  or  101,160  feet  per 
hour. 

Then  H  ^J!LLL^-£d!ly_ f_ 

(8  +  n)  v  D  a  -f  n ; 

435  x9360  X  54  X  4-5—2880x1*  x  1-5  x  101,160 


or, 


1-25  + 8-5  X  101,160x4-5 


180 


124*4  —  1*25  4-  8-5  ~  ^^  ^"^*  '^^  ^^^*  including  ten- 
der, which  an  engine  of  the  preceding  dimensions,  and 
power,  will  drag,  at  the  rate  of  19*16  miles  an  hour. 

We  now  give  the  load,  which  locomotive  engines,  of 
different  evaporating  powers,  will  travel  with,  at  dif- 
ferent rates  of  speed  upon  a  level  railroad. 

Table  IV. 


Rate 

of  speed 

in  xniles 

per 

hour. 


10 

124 

15 

m 

20 

22i 

25 

27i 

30 


Load  in  tons,  including  tender,  which  an  engine  will 
drag,  with  the  evaporating  powers  of 


43  cubic  feet 
per  hour. 


249  01 
184*20 
138*29 
106*64 
82*91 

40*70 
87*62 
27*55 


48  cubic  feet 
per  hour. 


284*14 

208*21 

157*60 

121*42 

94*32 

73*23 

56*36 

42*55 

31*06 


54  cubic  feet 
per  hour. 


318*12 

232*27 

175*39 

134*69 

104*15 

80*40 

61*40 

45*86 

32*91 


60  cubic  feet 
per  hour. 


352  00 

257*10 

193*84 

148*64 

114*75 

88*38 

67*29 

50*04 

35*66 
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e. — Comparative  useful  effect  qf  Engines ^  travelling  at 

different  rates  qf  Speed. 

An  inspection  of  Table  IV.  will  shew  the  practical 
effect,  as  regards  the  quantity  of  goods,  conveyed  at  the 
different  rates  of  speed ;  this  will  not,  however,  give  the 
comparative  effect,  for  a  given  time,  or  for  a  day's  work. 
An  engine,  travelling  at  a  greater  rate  of  speed,  will,  of 
course,  in  the  same  time,  travel  a  greater  distance; 
and  this,  therefore,  will,  to  a  certain  extent^  compensate 
for  the  diminished  load ;  but,  notwithstanding  this,  there 
is  a  very  considerable  diminution  of  useful  effect,  in 
travelling  at  ^eat  rates  of  speed. 

By  taking  the  relative  distances,  which  such  engine 
travels  in  a  given  time,  and  multiplying  that  into  tlie 
load  conveyed  j  we  shall  find  the  comparative  useful 
effect,  at  different  rates  of  speed,  from  the  load,  men- 
tioned in  the  Table,  we  must,  however,  from  this,  deduct 
the  weight  of  the  tender. 

The  following  Table  will,  therefore,  exhibit  the  com- 
parative useful  effect  of  engines,  travelling  at  different 
rates  of  speed. 
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Table  of  the  useful  effect  of  locomotive  engines^  at 
different  rates  of  speed,  with  different  loads. 

Table  V. 


Comparative  performances  of  engines  with 
different  loads  at  various  rates  of  speed. 

Rate  of  i^eed 

in  miles 

per  hour. 

Load  in  grosB 

tons  exoIoaiTe  of 

tender. 

Comparative 
useful  eflfeet 

1 

10 

312-12 

3121 

12*5 

226-27 

2818 

15 

169 '39 

2540 

IT'S 

128-69 

2252 

20 

98-15 

1963 

22'S 

74-40 

1674 

25 

56*40 

1385 

27*5 

39-86 

1076 

SO 

2691 

807 

We  see,  in  these  tables,  the  very  great  disparity  in 
point  of  useful  effect,  and,  consequently,  economy, 
between  engines  travelling  at  a  moderate,  and  at  a  high 
rate  of  speed ;  the  difference  between  twenty  and  thirty 
miles  an  hour  being  more  than  sixty  per  cent  To  accom- 
plish, therefore,  any  practical  economical  effect,  except 
for  passengers,  with  a  rate  of  speed  equal  to  thirty 
miles  an  hour,  it  is  clear  we  must  have  much  more 
powerful  engines,  and  capable  of  producing  a  more 
rapid  evaporation  of  steam.  This  again  increases  the 
quantity  of  useless  weight  taken,  as  compared  with  the 
useful  load  j  still,  if  the  object  be  to  travel  with  pagten- 

o  o  3 
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gers,  at  a  high  rate  of  velocity,  by  having  more  powerful 
en^nes  it  is  perfectly  practicable. 

We  must,  in  this  case,  however,  either  increase  the 
diameter  of  the  wheels  prppelling  the  engine,  or  cause 
them  to  make  a  greater  number  of  revolutions  than  one, 
for  each  double  stroke  of  the  piston.  For  a  velocity 
of  twenty  miles  an  hour,  a  wheel  of  five  feet  is 
generally  used  ;  suj^se  the  length  of  the  stroke  of  the 
cylinder  sixteen  inches,  this  will  cause  the  piston  to 
travel  at  the  rate  of  about  270  feet  per  minute,  which  is 
quite  as  great  a  velocity  as  should  be  attempted.  It 
follows,  therefore,  that  we  must  either  shorten  the 
length  of  the  stroke,  which  is  attended  with  a  great 
waste  of  steam^  at  each  change  of  motion,  or  increase 
the  diameter  of  the  propelling  wheels  of  the  engine,  to 
accomplish  a  higher  rate  of  speed.  If  the  latter  is 
done,  the  increase  should  be  in  the  ratio  of  the  velocity ; 
and,  therefore,  if  the  rate  of  travelling  is  to  be  thirty 
miles  an  hour,  the  diameter  of  the  wheels  should  be 
seven  feet  and  a  half;  and  forty  miles,  ten  feet }  fifty 
miles,  twelve  feet  and  a  half ;  and  sixty  miles,  fifteen 
feet  i  or,  which  would  amount  to  the  same  effect,  smaller 
wheels  increased  in  velocity  by  cog-wheels. 

Mr.  Harrison,  of  the  Stanhope  and  Tyne  railway,  has 
a  patent  to  effect  the  velocity  by  the  latter  method, 
which  is  to  be  tried  on  the  Great  Western  railway ; 
and  Mr.  Brunei  is  likewise  increasing  the  size  of  his 
propelling  wheels  to  ten  feet  in  diameter. 

We  now  give  a  table  of  the  performances  of  several 
of  the  engines  on  the  Liverpool  and  Manchester  rail- 
way, as  observed  by  M.  Pambour,  in  his  inquirieir  oa 
the  subject  of  the  powers  <^  locomotive  engines,  which 
can  be  compared  with  the  preceding  theoretical 
tables. 
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f. '--Theory  of  the  Power  of  Engines  on  Inclined 

Planes. 

Having  thus  ascertained  the  load,  which  a  locomotive 
engine  can  drag  at  different  rates  of  velocity  upon  a 
horizontal  railway ;  we  now  come  to  the  effect  of  inclined 
planes,  occurring  on  the  line  of  road,  to  which  all  lines 
of  railway  are  subjected.     Considerable  discussions  have 
arisen  upon  this  part  of  the  subject,  not  only  for  the 
purpose  of  determining  the  absolute  weight,  which  an 
engine  is  capable  of  dragging  upon  given   inclined 
planes ;  but  for  the  purpose  of  comparing  the  relative 
merits  of  different  or  competing  lines  of  road  with  each 
other,    where  the  planes   or  gradients  were  not  the 
same  in  the  intermediate  parts  of  the  road,  but  where 
the  level  of  the  two  termini  were  the  same.     Professor 
Barlow,  and  Dr.  Lardner,  have  been  most  prominent 
in  this  inquiry,  and  both  these  gentlemen  have  given 
theories  on  the  subject.     Without  going  into  all  the 
theoretical  considerations  of  the  question,  which  would 
extend  our  inquiries  further  than  our  limits  will  allow» 
we  shall  endeavour  to  consider  the  subject  in  its  appli- 
cation to  practice* 

We  have  already  seen,  that  the  production  of  tlie 
steam  does  not  vary  materially  from,  but  that  it  may  be 
considered  as,  a  constant  quantity ;  and  that  the  pressure 
in  the  cylinder,  is  always  less  than  that  in  the  boiler, 
and  further,  that  this  difference  becomes  greater  as  the 
velocity  of  the  engine,  is  increased.  Suppose  then,  that 
a  locomotive  engine  travelling  along  a  horizontal  plane, 
arrives  at  the  foot  of  an  ascending  plane  ;  in  addition 
to  the  friction  and  resistance  of  the  load,  the  engine 
has  then  to  overcome  the  gravity  of  the  plane  upon 
the  whole  train,   engine   and   tender  included  j^    the 
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resistance  R,  is  therefore  increased,  and  the  velocity,  v, 
will  be  diminished,  until  the  pressure  in  the  cylinder 
becomes  nearly  the  same  as  that  in  the  boiler,  when  the 
motion  will  become  uniform,  and  will  be  equal  to  that 
which  the  evaporating  power  of  the  engine  will  supply 
steam  at  that  elasticity,  which  is  competent  to  overcome 
the  aggregate  resistances. 

In  all  ascending  planes,  therefore,  we  must  add  to 
the  resistance,  r,  the  effect  of  the  gravity  upon  the  load ; 
and  the  gravitation  of  the  load,  has  likewise  the  same 
effect  upon  the  friction  of  the  engine  as  that  of  the 
load,  M  J  making,  therefore,  o  equal  the  gravitation  of 

the  whole  train,  we  have  f+8  M+G=the  friction  of  the 
engine,  and  nM+G=the  resistance  and  friction  of  the 
train. 

The  resistance,  r,  upon  ascending  planes,  will  then  be 

=  [f  +  (8  M  +  o)  +  n  M-f-G]  ,7-  4./),  and,   therefore,   by 

applying  this  to  the  preceding  theorems,  we  can  readily 
ascertain  the  load  which  an  engine  can  drag  up  any 
plane  of  a  given  inclination ;  or  the  rate  of  speed  at 
which  an  engine  will  travel  up  such  plane  with  a  given 
load. 

We  come  now  to  the  effect  upon  descending  planes, 
in  this  case,  the  gravitation  of  the  load  upon  the  plane 
diminishes  the  resistance,  and,  therefore,  must  be  taken 

from  it,  and,  consequently,  r,  will  be  =  [f+(8  m— g)  + 

D 


n  M  —  g]  ^  -f-p,  from  which,  by  adopting  the  theorems 

in  the  preceding  section,  we  can  determine  the  load 
which  an  engine  will  drag  down  any  plane  with  a 
given  inclination ;  or  the  velocity,  which  such  engine 
will  travel  upon  such  plane  with  a  given  load. 

This  expression  must,  however,  be  taken  subject  to 
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certain  limitations.  We  may  suppose,  that,  in  the  case  of 
an  engine  traversing  a  horizontal  plane,  the  resistance,  r, 
may  be  so  diminished,  that  the  velocity  may  become 
greater  than  it  is  prudent  to  keep  up ;  in  such  a  case, 
by  closing  the  damper  in  the  chimney,  the  production 
of  the  steam  is  diminished,  until  the  velocity  becomes 
uniform,  and  the  limit  of  speed  will  then  be  that  which 
it  is  deemed  advisable  in  practice  to  attain.  This 
operation  becomes  more  apparent,  in  the  case  of  a  train 
descending  a  plane.  Upon  a  horizontal  plane,  the  pro- 
duction of  steam  being  as  the  time,  and  not  as  the 
velocity,  when  the  speed  increases,  the  elasticity  of  the 
steam  in  the  cylinders  is  reduced  ;  and^  therefore,  the 
moving  power  is  diminished,  and,  consequently,  the 
motion  at  last  becomes  uniform,  unless  the  resistance  is 
so  much  diminished,  that,  before  reaching  that  extent, 
the  velocity  becomes  dangerous ;  when,  by  manage- 
ment, the  rapidity  of  production  of  steam  is  also  checked^ 
until  an  uniform  velocity  is  attained. 

In  the  case  of  an  engine  and  train  descending  a 
plane,  the  case  is  different.  We  may  suppose  the  incli- 
nation to  be  such,  that  the  gravitation  diminishes  the 
resistance  of  the  engine  and  carriages,  to  so  great  an 
extent,  that  no  steam  is  required,  and  gravity  being  a 
constant  force,  the  motion  then  becomes  an  accelerated 
one ;  or  the  gravitation  may  be  such,  as  to  diminish  the 
resistance  to  such  an  extent,  as  that,  added  to  the  force 
of  steam  acting  on  the  pistons,  the  velocity  becomes 
accelerated,  and  is  allowed  to  increase  until  it  reaches 
the  limit  of  safety.  Artificial  means,  or  the  brake,  is 
then  obliged  to  be  resorted  to,  to  check  the  further 
acceleration,  and  reduce  the  speed  to  a  uniform  and 
safe  velocity.  We  shall  take  a  case  where  the  incli- 
nation is  such,  that  the  gravity  will  not  urge  the  load 
down  the  plane,  with  sufficient  velocity,  but  that  a 
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certain  quantity  of  steam  is  obliged  to  be  used,  to  urge 
the  engine  up  to  the  requisite  speed ;  the  precise  quan* 
tity,  however,  being  less  than  that  of  the  evaporating 
powers  of  the  boiler,  the  quantity  of  steam  produced  will> 
in  this  case,  be  regulated  by  the  action  of  the  damper ; 
or,  in  cases  where  the  rapidity  of  evaporation  cannot  be 
sufficiently  checked,  the  steam  is  prevented  from  acting 
upon  the  piston,  and  is  made  to  escape  by  the  safety 
valve  of  the  boiler. 

We  may  assume,  therefore,  that,  whether  the  load  is 
diminished  on  a  horizontal  plane,  for  the  purpose  of 
acquiring  speed,  or  that  it  is  diminished  on  a  descend- 
ing plane  by  the  action  of  gravity;  there  is  still  a 
certain  rate  of  velocity,  which   it  is  not  prudent  to 
exceed,  and  which  when  acquired,  the  acceleration  must 
be  checked,  and  the  rate  of  speed  made  to  be  uniform. 
If  we  are  desirous  of  obtaining  a  maximum  effect, 
both  with  respect  to  speed,  and  the  load,  upon  any  line 
of  railway  which  undulates;  we  must,  therefore,  calculate 
what  load  the  engine  will  drag  at  the  required  average 
rate  of  speed,  making  the  requisite  allowances  for  tht 
diminution  in  the  ascending,  and  the  increased  rate  <^ 
speed  in  descending,  planes.    On  a  line  of  railway,  there- 
fore, which,  although  undulating  in  the  intermediate 
parts,  is  level  at  the  two  extremities,  we  may,  first  of  all, 
set  out  with  an  average  rate  of  speed  upon  the  level 
parts  of  the  road,  which  say  is  twenty-four  miles  an 
hour,  and  we  may  assume,  upon  descending  planes, 
that  the  maximum  velocity  shall  not  be  greater  than 
thirty  miles  an  hour ;  keying  within  these  limits,  we 
can  then  determine  the  relative  velocities,  which  can  be 
accomplished  by  a  locomotive  engine  upon  the  various 
gradients  on  the  line,  and  by  this  we  can  calculate  the 
comparative  merits  of  different  lines  of  railway. 

Thus,  suppose,  upon  the  horizontal  parts  of  the  line^ 
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or,  upon  the  general  average  gradients  of  the  line 
between  the  two  termini,  we  make  v= twenty-four  miles 
an  hour,  then  the  load  will  be 

mpsD=jprf^/v F . 

^"^(S+ti;)  VD  8+m;' 

setting  out  with  this  load,  m,  we  have,  upon  all  the  as- 
trending  planes,  the  velocity,  v,  equal  to 

_    m  p  s  D 

v= 

and  the  velocity  v,  upon  any  descending  plane  equal  to 

mv  s  D 


v=: 


[F^(8+t«^;M  —  g]  D+pd  */. 

In  the  latter  case,  we  must  not  make  v,  exceed  thirty 
miles  an  hour,  or  whatever  rate  may  be  fixed  upon  as 
■the  maximum  rate  of  speed. 

By,  therefore,  taking,  according  to  the  preceding 
formula,  the  several  rates  of  speed,  upon  the  different 
^cending  gradients  on  the  line,  and  multiplying  that  by 
the  respective  distances  travelled  at  that  rate ;  and  the 
Bame  with  the  descending  gradients,  taking,  in  the 
latter,  the  velocity  never  greater  than  that  assigned  as 
the  maximum  rate  of  speed,  we  have  a  general  result, 
which  will  shew  the  comparative  merits  of  different 
lines  of  railway,  so  far  as  regards  the  mechanical  effect : 
•we  shall  see,  however,  that,  with  our  present  stock  of 
information,  we  cannot  determine,  all  the  quantities 
required  by  the  preceding  formula.  If  the  comparative 
cost  of  working  the  different  lines  of  railway,  have  to  be 
determined,  it  must  be  done  in  a  different  manner. 
JIaving  ascertained,  that  on  one  line  of  road,  the  general 
average  rate  of  speed  is  less  than  that  upon  another,  we 
must  then  calculate  what  increased  power  of  engine  is 
tiecessary,  to  convey  the  same  quantity  of  goods  at  a 
similar  rate  of  speed  ;  and  next  ascertain  the  increased 
cost  of  working  such  engine,  compared  with  the  cost  of 
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working  the  engines  of  less  power,  upon  the  other  lines 
of  road,  but  which  smaller  enginfes  are  enabled  to  drag 
the  same  load,  at  the  required  velocity. 

This  will  be  a  more  difficult  problem,  as  all  the  cost 
of  working  those  engines  must  enter  into  the  calcu- 
lation. If,  however,  the  question  simply  is,  whether 
one  line  is  preferable  to  another,  or  not ;  without  in- 
quiring the  degree  or  precise  amount  of  superiority,  as 
regards  the  cost  of  working,  the  preceding  formula  will 
determine  the  question. 

We  have  stated,  that  an  average  rateof  speed  of  twenty- 
four  miles  per  hour,  should  be  taken  upon  the  level 
parts  of  the  line ;  any  other  rate  may  be  assumed,  and  it 
must  be  taken  upon  the  level  parts  of  the  line,  when  the 
termini  are  upon  the  same  level ;  when  tliis  is  not  the 
case,  we  must  then  take  the  load  which  an  engine  can 
travel  with,  at  the  proposed  rate  of  speed,  at  the  average 
rate  of  inclination  between  the  two  termini,  and,  in  this 
latter  case,  we  must  estimate  the  result  in  both  directions  ; 
and,  to  make  the  comparison  complete,  the  quantity  of 
traffic  in  both  directions  should  be  taken,  to  establish  a 
general  average. 

Adopting  the  same  dimensions  of  engine,  as  in  the 
preceding  investigations,  (page  561,)  viz.,  with  an  eva- 
porating power,  equal  to  fifty-four  cubic  feet  of  watei^ 
per  hour,  and  with  a  load  of  100  tons,  exclusive  of  the 
tender,  weighing  six  tons;  the  following  Table  will 
shew  the  rate  of  speed,  at  which  such  engine  will  drag 
that  load  up  planes  of  the  diffiirent  gradients  given,  and 
likewise  the  rate  of  speed,  wliich  such  engine  will  trcivel 
down  these  planes.  Taking  one  mile  of  plane,  both 
ascending  and  descending,  the  third  and  fourth  columns 
of  the  Table,  will  shew  the  time  which  the  engine  is  in 
traversing  that  mile  of  road ;  the  fifth  column  shewing 
the  mean  time>  in  both  directions. 
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Table  VII. 
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3-1315 

1  in  4480 
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17-07 
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1  in    900 

16-87 
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3-5565 
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3-1326 

1  in    800 

16-63 
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3-1325 

1  in    700 

16-32 

23-19 
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3-1318 

1  in    800 

15-93 

24-02 

3-7664 
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1  in    500 

15*41 

25*30 

3-8935 
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lin    400 

14-69 

27-51 

40844 

2-1810 

3-1327 

1  in    800 

13-64 

32-19 

• 

4*3988 

1-8682 

3-1335 

These  calculations  are,  however,  founded,  on  the  sup- 
position tiiat  the  evaporating  power  of  the  engine,  is 
the  same  at  all  the  different  rates  of  speed ;  that  the 
engine  is  capable  of  evaporating  fifty-four  cubic  feet 
of  water  per  hour,  whether  the  engine  is  moving  at 
the  rate  of  13*64,  or  at  32*19  miles  an  hour ;  and  by 
this  mode  of  calculation,  the  mean  effect  is  nearly 
the  same,  whether  the  railway  undulates,  or  is  of  an 
imifbrm  level,  between  the  two  termini.  This,  how* 
ever,  though  exhibiting  the  mechanical  effect,  requires 
some  modification  in  practice ;  and  shews  the  necessity, 
in  attempting  to  determine  the  ccmiparative  merits  of 
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competing  lines  of  railway,  of  attending  to  all  the 
minutiae  of  the  motive  power  to  be  used  upon  them. 
We  find,  in  §  4,  Art  5,  that  the  evaporating  powers 
of  locomotive  engines,  are  not  the  same  at  all  rates 
of  speed ;  and  that,  therefore,  it  is  not  in  the  nature  of 
these  machines  to  make  up  the  loss  of  time,  in  ascend- 
ing  the  planes,  by  the  increased  rate  of  speed,  in  de* 
scending.     We  find  that,  although  there  is  an  increase, 
per  hour,  of  evaporation,  by  an  increased  rate  of  speed, 
yet,  such  increase  of  evaporation  is  not  in  the  ratio  d 
the  increase  of  speed;   but,  according  to  the  experi- 
ment, given  in  that  section,  only  about  equal  to  half 
the  increased  rate  of  speed ;  and,  therefore,  the  piston, 
not  being  supplied  with  steam,  of  the  density  required 
by  the  theorem,  from  which  the  Table  is  calculated, 
the  velocity  will  be  reduced,  and  a  diminution  of  effect 
will  take  place. 

Until,  therefore,  we  have  ascertsuned,  from  numerous 
and  conclusive  experiments,  the  precise  evaporating 
powers  of  these  engines,  at  all  the  different  rates  of 
speed,  and  under  all  the  circumstances,  bearing  upon 
the  question  ;  we  cannot  determine  the  relative  merits 
of  different  lines  of  railway,  where  the  two  termini  are 
the  same,  but  where  the  gradients,  in  the  intermediate 
space,  differ  from  each  other.  We  have  commenced  a 
series  of  experiments,  to  determine  the  evaporating 
powers  of  these  engines,  under  all  the  different  rates 
of  speed,  to  solve  this  question  ;  but  which  could  not 
be  finished  in  time  for  the  publication  of  this  work. 
And,  when  we  consider  the  immense  sums  expended  in 
effecting  uniform  gradients,  on  all  the  principal  lines  of 
railway,  the  importance  of  ascertaining,  from  correct 
and  tmquestionable  experiments,  the  actual  loss  sus- 
tained,  by  a  departure  from  uniform  lines,  must  be  ad« 
mitted  \  and,  therefore,  it  is  of  the  utmost  consequence. 


576     THEORY  AND  APPLICATION  OP  MOTIVE  POWER. 

that  siich  experiments  should  be  sufficiently  numerous, 
and  strictly  accurate,  so  as  to  determine  the  question 
satisfactorily. 

With    such   information  only,   therefore,   as  we  at 
present  possess,   it  would  be  a  waste  of  time  to  go 
further  into  the  question ;  except  to  shew  that  undu- 
lating lines  of  railway,  are,  to  a  certain  extent,  inferior 
to  uniform  lines,  for  the  use  of  locomotive  engines. 
Taking  the  rate  of  evaporation  as  previously  determined, 
we   find  that,   for  every  mile   per   hour  increase  of 
speed,  the  evaporating  power  of  the  engine  is  increased 
only  1^  cubic  feet  per  hour ;  an  evaporation  of  fifty-four 
cubic  feet  produces  a  rate  of  19'l6  miles  per  hour, 
requiring  2-8  cubic  feet  of  water,  converted  into  steam, 
for  each  mile  per  hour  rate  of  motion.     If  this  ratio  of 
evaporation  is  correct,  it  follows,  that,  for  every  mile 
per  hour  increase  of  speed  above  19*16  miles,  as  shewn 
in  Table  VII,  there  will  only  be  produced  steam  suf- 
ficient to  supply  the  pistons  with  a  rate  of  speed  equal 
to  half  a  mile  per  hour ;  and,  consequently,  we  must 
make  a  reduction  from  the  increase  of  velocity,  of  the 
descending  trains.     On  the  other  hand,  the  evaporation 
will  be  diminished,  by  the  reduced  rate  of  speed,  on 
the  ascending  gradients,  but  to  what  extent  we  cannot 
determine.    Until,  therefore,  the  precise  rate  of  evapo- 
ration is  known,  we  cannot  test  competing  lines  of 
railway  by  the  effect  of  the  moving  power  upon  them  j 
except  that,  as  the  steepest  gradients  will  require  a 
more  rapid  rate  of  speed,  in  descending,  to  make  up  for 
the  loss  of  time  in  ascending ;  and  as  the  diminution  of 
efiect  will  be  in  some  ratio  as  the  increased  rate  of  speed, 
any  line  of  road,  with  gradients  of  greater  inclination, 
will  be  inferior  to  a  line  with  gradients  of  a  lesser  rate 
of  inclination. 

We  have  not  in  these  remarks,  noticed  the  efiect  of 


LOCOMOTIVE    ENGINES.  577 

the  accelerating  force  of  gravity  on  the  descending 
planes,  which,  though  not  acting  with  great  effect  at 
the  rapid  rates  of  speed  at  which  the  trains  move,  must 
not  be  overlooked.  Professor  Barlow,  in  an  appendix 
to  the  second  edition  of  his  work  on  the  strength  of 
timber,  &c.,  has  entered  at  .considerable  length  into 
the  question  of  the  effect  of  different  gradients  on 
locomotive  engines,  which  is  well  worth  the  attention 
of  those  interested  in  the  subject  The  conclusion  he 
comes  to,  with  respect  to  th^  comparative  merits  of 
different  gradients,  we  think,  requires  revision.  He 
takes  the  diminution  of  effect  upon  the  ascending 
gradients,  which  may  be  considered  as  equivalent  to 
those  of  Column  2  or  4,  Table  VII.,  and  then  takes  the 
effect  of  the  descending  gradients,  tlie  same  as  upon  a 
level ;  or  makes  what  in  Columns  3  and  5  varies  with 
the  gradients  the  same  as  for  a  level  plane ;  or  as  19'16 
and  3*1315  respectively,  for  all  the  different  gradients, 
and  gives  the  mean  of  these  as  the  effect  upon  different 
planes.  Now,  whatever  may  be  the  precise  amount  of 
assistance  given  to  the  motive  power,  by  the  gravitation 
of  descending  planes ;  it  is  quite  clear  they  are  more 
favourable  than  horizontal  planes ;  and,  therefore,  the 
deductions  by  Professor  Barlow,  on  this  question,  cannot 
be  strictly  correct  in  practice. 

3. —  Table  of  the  Power  of  Engines  on  Inclined 

Planes. 

We  now  give  tables  of  the  relative  load  in  tons, 
which  engines  of  the  dimensions  given  in  Table  III.,  are 
capable  of  dragging,  exclusive  of  the  tender,  weighing 
six  tons ;  at  the  various  rates  of  speed,  from  ten  to  thirty 
miles  an  hour,  on  different  inclinations  of  road. 
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Art  9. — Cost  of  Locomotive  Engines  on  Railways. 

We  shall  now  endeavour  to  ascertain  the  cost  of 
working  railways  by  locomotive  engines,  and  shall  take, 
in  the  first  place,  tlie  cost  of  the  Liverpool  and  Man- 
chester, which  has  been  longest  in  use  of  any  of  the 
public  railways  in  this  country.  We  are,  however, 
aware,  in  doing  this,  it  will  shew  a  result  unfavourable 
to  the  system ;  for  this  railway  was  established  before 
the  locomotive  engines,  as  applicable  to  public  railways, 
came  into  operation  j  and,  therefore,  all  the  improve- 
ments and  expense^  of  raising  the  locomotive  engine, 
from  a  very  inefficient  to  its  present  state  of  perfection, 
have  been  borne  by  that  railway.  In  consequence 
thereof,  many  of  the  first  engines  and  carriages  became 
quite  useless,  or  not  adapted  to  the  improved  system, 
long  before  they  were  worn  out ;  the  expense,  there- 
fore, of  establishing  a  system  of  motive  power,  added 
to  the  cost  of  working  under  such  disadvantageous  cir- 
cumstances, would,  of  necessity,  enhance  the  expenses 
much  beyond  what  must  be  expected  upon  more  modem 
lines  of  road,  having  all  the  benefit  of  this  experience, 
and  commencing  with  engines  of  the  most  improved 
description. 

The  rails  upon  the  Liverpool  railway  were  also  laid 
down  much  too  light,  and  not  at  aU  adapted  to  the 
weight  of  the  improved  engines.  Independently,  there- 
fore, of  having  to  incur  the  expense,  of  keeping  up  a 
line  of  road,  quite  incapable  of  sustaining  the  weight  of 
the  modern  engines  and  carriages ;  the  company  have 
had  almost  the  entire  line  of  railway  to  replace  with 
heavier  rails,  blocks,  chairs;  &c.  With  these  explana- 
tions, we  now  give  the  cost  of  working  that  line,  taken 
from  the  half  yearly  accounts  of  that  company. 
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We  have  divided  the  charges  into  the  following  classi- 
fications, for  the  purpose  of  ascertaining  the  cost  of  each 
department  of  the  work. 

a. — Expense  of  working  the  Liverpool  and  Manchester 

Railway. 

1  •  Locomotive  power,  or  haulage. 

2.  Maintenance  of  railway. 

S.  Coaching  department,  or  conveyance  of  passengers. 

4.  Carrying  department,  or  conveyance  of  goods. 

5.  Stationary  engine  expenses. 

6.  General  expenses. 

7.  Interest  of  capital. 

The  following  tables  will,  therefore,  shew  the  ex- 
penses of  each  of  the  several  departments  of  cost,  from 
the  dlst  December  1831  to  the  30th  June  1834. 
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We  also  give  the  cost  of  working  the  said  railway, 
from  30th  June  1834  to  SOth  June  1837,  classified 
under  the  same  heads,  but  not  giving  the  particulars  so 
fully  as  in  the  preceding  period,  tlie  directors  having 
determined,  in  1835,  not  to  publish  the  expenses  with 
such  minuteness. 
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And  the  following  Table  will  shew  the  performances 
of  the  engines,  and  the  different  quantities  of  traffic  and 
passengers,  conveyed  upon  that  road,  for  two  years  and  a 
half,  ending  30th  June  1834. 
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We  shall  now  consider  the  charges,  under  their  differ- 
ent heads. 


!• — Locomotive  Power,  or  Haulage  of  Goods  and 

Passengers. 

The  entire  cost  of  locomotive  power,  from 

aist  December  1831  to  and  wi&  30th 

June  1834,  including  new  engines,  b      -      j667,552     8    6 
Deduct  new  engines,  added   to  the  stock 

during  that  time  :  .  -  2,660     6     4 


^64,892     2     2 


During  this  period  there  was    conveyed, 

between     Liverpool     and     Manchester,        Tom. 

thirty  miles         ....   323,781  of  goods. 
To  and  from  different  parts  of  the  line^ 

averaging  15  miles,  44,364  tons,  for  30 

miles  -  -  -  -       22,182  ditto. 


345,963  of  goods 


conveyed  30  miles,  or  from  one  end  of  the  line  to  the 
other. 

In  another  part  of  this  work,  we  have  seen  that  the 
undulations  and  planes,  upon  the  Liverpool  railroad^ 
produce  an  increase  of  resistance  to  the  motive  power, 
equal  to  4^  miles  on  a  level,  which  must  be  added  to 
the  thirty  miles,  to  bring  out  the  performances  upon  a 
level  road ;  we  have  then  345,963  x  34^ = 11 ,935,713  tons 
of  goods  conveyed  one  mile. 

The  number  of  trips,  of  30  miles  each,  with  goods 
during  that  period  was  11,2579  and  with  passengers 
1 5, 83 1 , = 279^33.  Taking  the  entire  cost  of  the  engines, 
and  dividing  it,  in  the  proportion  of  the  number  of  trips, 

QQ 
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we  have  as  11,257  :  27,533 ::  64,892  :  ^jSSOL,  the  cost 
of  conveying  the  goods ;  which,  for  11,935,713  tons,  is 
equal  to  0*55rf.  per  ton  per  mile. 

We  see  that  Uie  engines  made  11,257  trips,  for  the 
conveyance  of  345,963  tons  of  goods ;  the  qusmtity 
conveyed  at  each  trip  would,  therefore,  average  30*73 
tons. 

We  cannot  apply  this  to  other  railroads,  however, 
unless  we  take  in  the  gross  load  conveyed ;  as  the  pro- 
portions  between  the  goods  and  the  gross  load,  and 
also  the  quantity  conveyed  at  a  time,  may  vary  on 
different  lines  of  road.  The  weight  of  the  empty 
carriages  is  about  1*5  tons,  and  the  load  which  they 
generally  carry  is  3*5  tons  ;  we  have,  therefore, 
the  weight  of  goods        -  -  -=345,963  tons. 

Weight  of  the  waggons  345,963  x  ^i^ = 1 48^270 
And  as  the  traffic  in  this  case  is  not 
equal  in  both  directions,  the  en- 
gines have  to  bring  back  from 
Manchester  about  half  the  waggons 
empty,  which  is  a  dead  weight, 
equal  to  one  fourth  of  the  weight 
of  the  whole  waggons        -  -  =  37,067 


531,300  tons  gross. 


conveyed  a  distance  equal  to  34j  miles  on  a  level, 
^18,329,850  tons  conveyed  one  mile;  or,  0*36e/.  per 
ton  per  mile  gross  load ;  the  gross  load  taken  each 
trip  being  47*2  tons. 

The  average  rate  of  travelling  with  passengers  is, 
exclusive  of  stops,  24  miles  an  hour,  and  with  goods 
15  miles ;  we  have,  therefore,  15,831  trips  at  24  miles, 
and  11,257  trips  at  15  miles  an  hour,  the  average  being 
20  miles  an  hour ;  and  as  in  the  cost  of  the  engines  we 
have  taken  the  average  for  both  passengers  and  goods, 
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it  follows,  that  the  above  cost  per  ton  per  mile,  wiUT  be 
at  an  average  velocity  of  20  miles  an  hour. 

We  come  now  to  the  cost  of  conveyii^  passengers^ 
taking  the  expense  of  the  engines  in  the  same  manner 
as  for  the  goods,  we  have  the  entire  cost,  in  the  above 
time,  37,31 2/,  There  has  been  conveyed,  in  that  time, 
944,113  passengers,  a  distance  equal  on  a  level  road  of 
344  miles,  or  equal  to  32,571»898  passengers  one. mile, 
which,  for  37,312/.  is  0*27rf.  per  passenger  per  mile* 
Reducing  this  into  the  cost  per  ton  per  mile,  we  find  that; 
there  were  15,831  trips,  which,  for  944,113  passengers,  is 
Go  passengers  each  trip.  The  number  of  carriages  gene- 
rally taken  in  each  train  is,  6  first  class  carriages,  each 
weighing  3*05  tons,  and  the  mail  weighmg  2*71  tonsst 
21  tons ;  and  for  the  second  class  trains,  5  carriages, 
each  weighing  2*23  tons,  and  one  glass  coach,  weighing 
3*05  tons.  The  system  kept  up  is  13  trains  of  first 
class,  for  13  trains  of  the  second  class ;  we  thus  find 
the  average  weight  of  the  carriages  for  each  trip  of 
the  engine,  will  be  17*2  tons  ;  reckoning  15  passengers 
per  ton,  and  28lbs.  of  luggage  to  each  passenger, 
we  have  944,113  passengers,  at  15  per  ton,  -  62,941  tons. 
15,831  trains  of  carriages,  at  17-2  tons  each,  -  272,293 
Luggage   for   944,113    passengers,   at  28  lbs. 

each,  -  .  .  -  .       11,801 


847,035  tons. 


conveyed  a  distance  equal  to  S4|  miles  ;  or  11,971*709 
tons  conveyed  one  mile,  at  an  expense  of  engine  power 
of  37,312/.,  is  nearly  0*J5d.  per  ton  per  mile,  and  the 
load  for  each  trip  will  be  nearly  22  tons ;  we  see, 
therefore,  the  increased  expense  of  travelling  at  great 
rates  of  speed  with  light  loads. 

Q  Q  2 
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In  the  aggregate  cost  we  have  the  entire  expense  of 
locomotive  power  64,892/.  ^.  9,d. ;  the  quantity  of  goods 
and  passengers  conveyed  for  this  outlay  is  18,329f850 
tons,  and  of  passengers  11,971  >709  tons,  gross  load  one 
mile,  which  is  equal  to  '5 1  of  a  penny  per  ton  per  mile, 
gross  load 

Reckoning  the  proportion  of  useful  to  gross  load 
as  3*5  : 5,  the  cost  per  ton  per  mile  of  useful  load 
is  equal  to  '73  of  a  penny;  the  average  load  for 
each  trip  being  32*4  tons  gross,  or  about  24  tons  of 
goods. 

The  following  table  will  shew  the  expense  of  loco- 
motive power,  or  haulage,  of  the  different  descriptions 
of  traffic,  according  to  the  above  mode  of  calculation. 


Locomotive  power, 
or  haulage 


Merdumdue. 


Per  ton 
i  per  mile 
|of  goods. 


d. 

0-55 


Per  ton 

per  mile 

gross 

load. 


d. 
0-96 


Passengers. 


Per  pas- 
senger 
)er  mile. 


0-27 


Per  ton 

per  mile 

gross. 


d. 


073 


Aggregate  cost 
per  ton  per  mile. 


Useful 

load 

in 

goods. 


d. 


0-73 


Gross 
load. 


d. 


0-51 


We  understand  that  the  London  and  Birmingham 
Railway  Company,  have  contracted  for  their  motive 
power,  at  0'5d.  per  ton  per  mile  of  goods,  and  0*25df. 
per  mile  for  passengers. 
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2. — Maintenance  of  Railway. 

Table  II.  will  shew  the  expense  of  the  maintenance 
of  the  railway  for  24.  years.  As  previously  stated^  the 
rails  upon  the  Liverpool  and  Manchester  railway  were 
originally  laid  down  35lbs.  per  yard,  which  was  found 
to  be  quite  inadequate  to  carry  the  heavy  engines, 
required  to  keep  up  the  rate  of  travelling,  adopted 
on  that  line  of  railway.  This  not  only  increased  the 
expense  of  keeping  the  road  in  repair,  but  it  was  found 
necessary  to  replace  the  rails,  by  others  of  agreater  weight 
and  strength.  As  our  object  in  this  inquiry,  is  more  to 
ascertain  the  cost  of  maintaining  railways  properly  con- 
structed ;  than  to  shew  the  cost  of  the  Liverpool,  we 
ought,  to  deduct  the  charges  for  new  rails,  and  the 
expense  of  laying  the  rails  down. 

Total  cost  of  maintenance  of  railway  jf  36,701     1  9 

Deduct : 

New  rails       -     ^3,304  10  8 

Labour,  &c.  in  ^ 

la3ring    new  y       540     0  0 

rails     -       -  J 

3,844  10  8 


^32,756  11  4  for  24  years, 
or  13,103Z.  per  annum. 

The  entire  length  of  the  Liverpool  and  Manchester 
railway  is  30  miles  1,240  yards,  besides  the  tunnel  for 
passengers  ;  but,  as  the  passengers  and  goods  are  con- 
veyed along  different  branches  or  tunnels,  we  may 
take  the  entire  distance  as  equal  to  31  miles  j  which,  for 
13,103/.,  is  equal  to  422/.  13s.  6d.  per  mile  per  annum 
of  double  line. 

The  quantity  of  traffic   conveyed  along  the  line, 

during  the  Qi  years    ending  30th  June  1834,  is  as 

follows,  per  Table  11.  ^r- 
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Goods  betwe^i  Livierpool  and  Manchester^ 

323,781  tons,  for  31  miles,  equal     -      - 
Goods  to  and  from  different  parts  of  the 

road,  44,364  tons,  for  15  mil^  equal 
Goods  from  Liverpool  to  Bolton  Junction, 

91,358  tons,  for  15  miles,  equal     - 
Coal    from   different  parts    of  the   road, 

189,533  tons,  for  15  miles,  equal 
Weight  of  waggons  if  parts  of  the  weight 

of  goods,  6,392,587  tons 
Waggons  brought  back  empty,  one  fourth 

of  the  whole,  1,598,146  tons 

Total  gross  load  of  goods  and  waggons,  1    oo  gng  759 
conveyed  one  mile  -  ^  -  J 

Passengers  as  before,  944,1 13,  at  15  passen- 
gers per  ton        ....  62,94*1 
15,831  trains  of  carriages,  at  17  *2  tons  each  272,293 
Luggage  of  passengers,  at  28  lbs*  each       -  11,801 


Tons. 
10,037,211  one  mile. 

665,4f60     dhto^ 

1,370,370     ditto. 

2,842,995     ditto* 

7,990,733     ditto. 


347,035  tons  gross 


load,  conveyed  31  miles,  or  10,758,085  tons  conveyed  one  mile. 

Apportioning  the  entire  expense,  according  to  the 
gross  load  conveyed  along  the  railway,  the  following 
table  will  therefore  shew  the  cost  of  maintaining  the 
railway. 


Head  of  charge. 

Cost  per 

mile 

per 

annum. 

Merchandise 

per  ton 

per  mile. 

Passengen. 

Aggregate  cost 

per  ton 

per  mile. 

Goods. 

Gross 

load. 

Per 

mile. 

Ferum 
per 
mile 

gross. 

Good& 

Gross 
losdL 

Maintenance  of 
Railway 

£    $.    d. 

422  13     6 

d. 
•307 

d. 
'233 

1 

d. 
•085 

d, 
•233 

d. 

•307 

•833 
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This  charge  will  be  considerably  reduced,  on  al! 
railways  laid  with  strong  rails,  and  where  the  blocks 
are  well  laid,  and  the  road  sufficiently  consolidated.  A 
great  portion  also  of  the  above  cost  consists  in  ballast- 
ing, for  raising  the  road  where  it  yielded,  and  where  it 
required  raising  to  its  proper  level. 

3. — Coaching  Department,  or  Ea:pense  of  conveying 

Passengers. 

This  may  be  divided  into  three  heads  of  charge  ;  thd 
cost  of  keeping  the  carriages  in  repair,  the  expenses  of 
conducting  the  traffic,  and  the  duty  on  passengers  ;  and 
we  may  likewise  subdivide  these  into  the  cost,  as  relates 
to  the  expense  of  the  coaching  department  alone,  and 
the  cost,  when  merged  into  the  general  traffic  of  thq 
railway. 

The  total  cost  of  keeping  the  carriages  in  repair,  foif 
2j  years,  ending  30th  June  1834,  is,  as  per  Table  III. 
7>777^*  145.  4rf. ;  the  expenses  of  conducting  the  traffic, 
14,082/.  1  Is.  9rf. ;  and  the  amount  of  duty  on  passengers, 
10,767/.  8s.  lOrf. 

The  total  number  of  passengers  conveyed  one  milei 
in  the  same  time,  is  32,571,898 ;  the  gross  weight  of 
passengers'  luggage  and  carriages  is  1 1,971  >709  tons, 
conveyed  one  mile ;  by  which  the  cost  per  passenger, 
and  likewise  per  ton  per  mile,  is  calculated  for  that 
department  alone.  Combined  with  the  general  expense 
of  working  the  railway,  we  have  the  aggregate  amount 
of  tonnage,  equal  to  18,329,850  tons  of  goods  and 
carriages,  and  11,971*709  tons  of  passengers  and  car- 
riages, making  a  gross  amount  of  30,301,559  tons 
conveyed  one  mile  ;  and  if  we  take  the  relative  weight 
of  goods  and  carnages  as  3*5  :  1*5,  or,  useful  to  gross 
load,  as  3*5  I  5,  we  have  the  aggregate  amount  of  useful 
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load  equal  to  21^211,090  tons  coav^ed  one  niile,  fiom 
which  the  following  table  is  calculated. 

Table  of  the  Cost  of  the  Coaching  Department,  on 
the  Liverpool  and  Manchester  Railway. 


Passengers* 

Aggregate  cost 
per  ton  per  mile. 

Hflid  of  charge. 

Per  mile. 

Per  ton 

per  mile 

gross. 

Goods 

or  usefiil 
load. 

Gioas 
load. 

Coaching 
department  •' 

'  Keeping     coaches     in 
repair. 

Expense  of  attendants, 
.  Duty  on  passengers     - 

•054 
•104 
•071 

d 
•146 

•282 

•fil6 

a. 

•088 
•158 
•108 

•058 
•111 
•076 

Total  cost 

•829 

•644 

•348 

•245 

The  first  head  of  charge  will  appear  greater,  than 
what  is  likely  to  occur  in  future,  if  the  carriages  are 
constructed  according  to  the  most  improved  form; 
the  second  head  of  expense  is  also  enhanced,  by  the 
number  of  trains  set  off  from  each  end  daily,  to  accom- 
modate the  public 


4.— Carrying  Department^  w  Cost  of  conveying 

Ooods. 

We  shall  also  divide  this  into  two  heads  of  charge  f 
the  cost  of  upholding  waggons,  and  the  cost  of  con* 
ducting  the  traffic ;  and  the  following  table  wiU  diew 
the  expense  of  each,  and  also  the  aggr^;ate  oort  of 
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carrying  goods,  catcnkted  in  the  same  mannet'  as'Ih 
the  coaching  department  We  see  by  Table  IV.  that 
the  entire  cost  of  upholding  waggons  for  £|  years, 
ending  SOth  June  18S4,  is  S,4i85L  3s.  Qd.,  sxid  the 
expense  of  conducting  the  traffic  is  41,01^*  6s.  4d. ; 
the  gross  amount  of  tons  conveyed  is  18,329>850  tons, 
conveyed  one  mile  ;  and  taking  the  proportion  of  useful 
to  gross  load  at  3*5  :  5,  the  amount  of  useful  load  will 
be  12,830,895  tons  conveyed  one  mile  ;  the  aggregate 
amount  of  traffic  being  the  same  as  for  the  previous 
head  of  charge. 


Head  of  charge. 

Merchandise 
per  ton  per  mile. 

•Aggregate  cost ' 
per  ton  per  mile. 

Useful 

load 

or  goods. 

Gross 
load. 

UseM 

load 

or  goods. 

Gross 
load. 

r  Upholding  waggons 
Carrying  goods  * 

Conducting  traffic    - 

Total  cost 

d, 
0-227 

1-08 

0-159 
0-76 

0-094 
0*463 

d, 
0-067 

0*324 

1-307 

0-919 

0-557 

0-891 

5.  &  6. — Stationary  Engine^  and  General  Expenses. 

In  the  first  head  of  charge,  although  the  passengers 
do  not  pass  down  the  large  tunnel,  we  have  divided  ihe 
expense  over  the  whole  traffic  of  the  railway,  to  obtain 
the  aggregate  cost  per  ton  per  mile ;  and^  in  the  second 
head  of  charge,  we  have  also  apportioned  it  according  to 
the  relative  weight  of  goods  conveyed  along  the  railway* 
The  total  cost  of  working  the  stationary  engine,  ia 
4,728/.  l«.5cf.,aad the  geperal expenses 31,331/.  7s.  lldLf 
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tbkin^  the  quantity  of  goods  and  passengers  as  in  the 
preceding  calculations,  viz.,  30,301,559  tcms,  conveyed 
one  mile.  The  calculation  for  the  separate  charges,  of 
goods  and  passengers,  is  taken  by  dividing  the  general 
expenses  into  the  number  of  tons,  of  goods  and  passengers 
respectively ;  or,  as  18,329,850  to  11,971*709  tons,  mak- 
ing each  of  the  charges  the  same  cost  per  ton  per  mile, 
as  the  aggregate  cost. 

The  following  Table  will  shew  the  Result  of  tlie 
Cost  of  these  Heads  of  Charge.  . 


Heads  of  charge. 

Merchandise 
per  ton  per  mile. 

Passengers. 

Aggregate  cost 
per  ton  per  mile. 

Useful 

load  or 

of  goods. 

Gross 
load. 

Per 
mile. 

Per  ton 

per  mile 

gross. 

Useful 

load  or 

of  goods. 

Gross 
load. 

Stationary  engine 
General  expenses  - 

d, 
0-S54 

d, 
0*248 

mm                        m 

0O91 

d. 
0-248 

d. 
0*053 

0*354 

d. 
0-OS7 

0*248 

In  the  general  expenses,  we  have  deducted  the  charge 
for  interest,  which  cannot  be  considered  a  charge  for 
working  the  railway,  being,  more  properly,  a  part  of,  or 
^substitution  for,  capital;  and  likewise  the  charge  for 
cartage,  at  each  end  of  the  railway,  which  is  not  part  of 
the  cost  of  conveyance. 

The  following  summary  will,  therefore,  shew  the 
expense  of  working  a  railway  30  miles  in  length,  but 
with  gradients  such  as  increase  the  resistance,  so  as  to 
make  the  cost  of  haulage  equivalent  to  that  of  a 
level  railway  34t  miles  in  length  y  taking  the  cost  of 


LOCOMOTIVE   ENGINES. 


603 


woiicing  the  liverpool  and  Manchester  railway,  from 
31st  December  1831  to  30th  June  1834,  as  a  standard 
for  the  expenses. 

Table  X. 


Merchandise 

per  ton 

per  mile. 

Passengers. 

Aggregate  cost 

per  ton 

per  mile. 

Heads  of  charge. 

Useful 
load 
or  of 

goods. 

Gross 
load. 

Per 
passen- 
ger per 
mile. 

Per  ton 

per 

mile 

gross. 

Useful 
load 
or  of 

goods. 

Gross 
load. 

d. 

d. 

d. 

d. 

d. 

d. 

Locomotive  power 

0-55 

0-36 

0-27 

0-73 

0*73 

0*51 

Maintenance  of  railway 

0'307 

0*233 

0O85 

0-233 

0-307 

0*833 

rUpholding  carriages 

^           w 

-      - 

0-054 

0*146 

0O82 

0*058 

Coaching  * 

Conducting  coaching 

-      - 

-      - 

0-104 

0-282 

0-158 

0*111 

V.Duty  on  passengers  - 

•              m 

-      - 

0-071 

0-216 

— 

— 

Carrying   f  Upholding  waggons  - 

0-227 

0-159 

-      - 

-      - 

0-094 

0-067 

go«^    -     Conducting  traffic    - 

1*08 

0-76 

-      - 

-      - 

0-463 

0*324 

General  expenses 

0-354 

0*248 

0-091 

0-248 

0-354 

0-248 

Total  cost        -     - 

2*518 

1-760 

0-675     1-855 

2-188 

1*551 

The  preceding  inquiries  relate  to  the  cost  of  c<m- 
veying  goods,  and  passengers,  upon  public  lines  of  rail* 
way ;  in  the  conveyance  of  general  merchandise,  the 
cost  is  very  much  enhanced,  by  the  establishment 
required,  for  loading  and  unloading,  receiving,  and 
storing  the  goods,  together  with  the  expense  of  at- 
tendance at  the  different  stations.  We  see,  therefore, 
that  the  cost,  per  ton,  for  carriages,  and  for  conveyance, 
is  much  greater,  than  for  the  passengers ;  in  the  appli- 
cation of  public  lines  of  railway,  for  the  conveyance  of 
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ooels,  mmerals,  or  other  heavy  articles,  the  loading  and 
unloading  of  which  are  not  great,  or  which  is  not  done 
by  the  rsdlway  company,  we  find  the  cost  very  much 
diminished.  We  shall  now,  therefore,  give  the  cost  of 
transit  of  coals,  by  locomotive  engines,  upon  some  of 
the  lines  of  railway,  in  the  neighbourhood  of  Newcastle- 
upon-Tyne. 

b.'-^JEspense  of  working  the  Stockton  and  Darlington 

Railway. 

We  shall  be  able  to  give  the  cost  of  conve3rance,  upon 
this  line  of  railway,  pretty  accurately.  The  company,  in 
the  first  establisliment  of  the  railway,  provided  their 
own  locomotive  engines ;  in  1833,  they  entered  into  an 
agreement,  with  a  company,  to  take  their  entire  stock 
erf*  engines,  and  convey  the  coals,  at  a  certain  price  per 
ton,  per  mile.  The  contractors  took  not  only  all  the 
stock  of  engines,  but  likewise  all  the  shops,  tools» 
machinery,  &c.,  necessary  for  keeping  them  in  repair ; 
they  were  to  haul  all  the  coals  upon  the  line,  keep  the 
engines  in  good  working  repair,  finding  aU  workmen  and 
materials,  and  find  all  fuel,  oil,  tallow,  grease  for  wag- 
gons, &c.,  and  likewise  pay  5l.  per  cent,  interest  on  the 
stock,  which  was  to  be  valued  to  the  contractors,  and 
revalued  at  the  end  of  the  term  ;  the  railway  company 
engaging  to  take  all  the  stock  again,  and  to  pay,  or  re* 
ceive^  the  difierence,  in  value. 

The  contract  price  paid  to  the  contractors,  was  four 
tenths  of  a  penny  per  ton,  per  mile ;-  the  value  of  the 
stock  being  about  11,000/.,  which,  at  5l.  per  cent  per 
annum,  would  be  550/.  per  annum. 

We  have  given,  in  the  Appendix,  (Note  F.)  the  gra- 
dients of  the  railway,  by  which  it  will  be  seeuj  that  it 
is  a  descending  line,  some  parts  of  which  are  so  muoh 
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that  the  gravitating  force  is  greater  than  the  resistance 
of  the  load,  while,  in  other  parts,  it  is  level,  or  nearly 
so.  Taking  the  average  load  conveyed,  in  each  trip^ 
at  6S  tons,  and  the  weight  of  the  waggons  and  tender, 
36  tons, =99  tons,  at  9  lbs.  per  ton  fnction,  is  891  lbs. 
for  95  tons,  or  sir ;  on  all  those  parts  of  the  line, 
therefore,  above  tjt*  the  train  would  require  no  pro- 
pelling force. 

The  distance,  which  the  train  would  run  of  itself^ 
is  about  8*99  miles,  and  the  distance  which  it  would 
require  to  be  propelled,  11*79  miles ;  the  latter  being  of 
an  average  inclination  of  -nVr*  the  gravitation  of  which 
would  be  about  2  lbs.  per  ton,  making  the  resistance 
7 lbs.  per  ton,  for  11*79  miles,  and  nothing,  for  8*99  miles; 
the  average  being  about  4  lbs.  per  ton,  the  mean  resist* 
ance,  with  the  load.  With  the  empty  load,  the  gravity 
of  the  plane  increases  the  resistance,  the  whole  dis- 
tance ;  and  the  gravity  acts  upon  the  engine,  and  tender, 
as  well  as  the  load.  The  average  inclination  is  -dir^ 
acting  upon  the  entire  train,  engine,  and  tender,  weigh- 
ing  altogether,  82  +  4  +  12=48  tons,  will  be  equal  to 
348  lbs.,  or,  10*9  lbs.  per  ton,  upon  the  empty  car- 
riages ;  which,  added  to  9  lbs.,  the  friction  will  be 
19*9  lbs.  per  ton,  the  mean  resistance  with  the  empty 
carriages. 

Reducing  these  to  a  level,  and  taking  the  friction  at 
9  lbs.  per  ton,  we  find  the  resistance  of  the  loaded  wag* 
gons,  in  descending  one  mile,  equal  to  the  resistance  of 
the  same  load,  conveyed  four  ninths  of  a  mile  on  a 
level ;  and  the  resistance  of  the  empty  carriages,  equal 
to  that  of  the  same  weight,  dragged  2*99  miles  on  a 
level. 

The  weight  of  the  load  is  2*65  tons,  and  the  wag- 
gons, 1*30  tons ;  we  then  have  the  resistance*  with  the 
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load,  2*65  +  1*30  X  4=15-80;  and,  with  the  Tetummg 

waggons,  1-30  x  19-9  =  25-87.  Then,  15-80  +  25-87= 
41-&7f  the  resistance,  in  both  directions.  On  a  level 
toad,  the  resistance  would  be  2-65  +  1-30  x9  +  1*30x9= 
47*25.  Therefore,  the  resistance  upon  the  Stockton 
and  Darlington  railway,  for  traffic,  entirely  in  one  di- 
rection, the  empty  waggons  being  the  only  load  in 
returning,  is  as  41-67  •  47*25  on  a  level  road,  with  the 
same  description  of  traffic. 

In  one  year,  from  the  30th  June  1833,  to  30th  June 
1834,  the  quantity  of  coals  led  was  equal  to  6,764,951 
tons,  conveyed  one  mile ;  the  number  of  trips,  of 
20  miles  each,  being  5318^,  and  the  average  load,  in 
each  trip,  63'6  tons.  The  sum  paid  for  interest  of 
capital  would,  therefore,  amount  to  -02  of  a  penny  per 
ton  per  mile ;  which,  deducted  from  -4,  gives  -38  of  a 
penny  per  ton  per  mile,  as  the  cost  of  haulage  on  the 
Stockton  and  Darlington  railway,  in  1834. 

Since  that  period,  the  cost  of  working  the  engines 
has  been  reduced,  and,  at  present,  the  cost  is  stated,  by 
the  engineer  of  the  railway,  about  -3  of  a  penny  per  ton 
per  mile;  we  may,  however,  safely  take  the  cost  of 
leading  coals  on  that  railway  at  '35^  the  present 
charge  for  haulage  being  about  -4  of  a  penny  per 
ton  per  mile.  Reducing  this  to  a  level,  we  have,  as 
41-67  :  4725:: 35  :  -39  of  a  penny  per  ton  per  mile,  or 
nearly  equal  to  four  tenths  of  a  penny. 


c. — Expense  qf  working  the  Clarence  Railway. 

Clarence  Railway. — Upon  the  Clarence  railway,  the 
charge  for  haulage,  by  locomotive  engines,  is  three 
eighths,  or,  ^375  of  a  penny  per  ton  per  mile.     This 
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road  descends,  towards  the  shipping  places,  at  an  average 
rate  of  7^  feet  per  mile ;  consequently,  the  diminution 
of  resistance  will  be  about  equal  to  the  700th  part  of 
the  whole,  which  will  make  the  above  rate  of  *S^5  equi- 
valent to  •376  of  a  penny  per  ton  per  mile,  as  the  cost 
of  haulage  on  a  level  road. 

d. — Expense  of  the  KiUingwarth  Locomotive 

Engines. 

Killingworth  Railway. — An  accurate  account  has 
been  kept,  of  the  cost  of  working  this  railway,  for  some 
years  past,  and  the  following  result,  for  the  year  ending 
1st  November  1837,  maybe  taken  as  the  average  yearly 
cost  of  these  engines.  One  of  the  engines,  on  that 
year,  led  283,644  tons  of  coals  one  mile,  the  entire 
cost,  including  repairs,  coals,  interest  of  capital,  and 
upholding  tubes,  wheels,  &c.,  was  264/.  2^. ;  this  is 
equal  to  '22  of  a  penny  per  ton  per  mile,  the  average 
load  taken  at  a  time  being  42^  tons.  The  general  in- 
clination of  the  road,  is  about  ten  feet  per  mile,  with 
the  load,  but  it  undulates,  with  a  rise  of  1  in  830,  in 
that  direction,  which  restricts  the  quantity  taken  at  a 
time  J  taking,  however,  the  resistance  upon  the  whole 
line,  the  cost,  upon  a  level,  will  not  be  materially  in- 
creased, but  may  be  taken  at  '25  of  a  penny  per  ton  per 
mile.  This  engine  has  a  boiler  fitted  up,  with  tubes,  as 
shewn  in  Fig.  14,  Plate  VL 

Another  engine,  less  powerful,  upon  the  same  line  of 
railway,  and  which  did  not  convey  more  than  194,000 
tons ;  cost  nearly  the  same  annual  sum,  including 
coals,  and  the  expense  was  *31  of  a  penny  per  ton  per 
mile. 
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e. —  Cost  of  Conveyance  generally ^  with  different 
descriptions  of  traffic  on  Railways. 

We  may,  therefore,  take  the  cost  of  haulage,  by  loco- 
motive engines,  upon  a  level  railway,  where  the  goods 
are  conveyed  in  one  direction  only,  at  0'38  of  a  penny 
per  ton  per  mile ;  and,  in  favourable  circumstances,  at 
0*25  per  ton  per  mile.  But,  in  this  latter  case,  we 
must  observe,  that  it  is  where  the  engines  take  a  maxi- 
nium  load  in  every  trip ;  and  where  they  travel  only 
at  such  a  rate,  as  will  produce  the  most  economical 
result. 

We  thus  see  the  great  sacrifice  of  economy,  by 
adopting  a  rapid  rate  of  travelling,  upon  public  lines 
of  railway,  where  a  mixed  traffic  of  goods  and  pas- 
sengers, is  conveyed  along  the  same  line  of  road  ;  and 
where,  from  necessity,  the  rate  at  which  goods  are 
conveyed,  must,  to  a  considerable  extent,  be  the  same 
as  that  for  the  conveyance  of  passengers.  We  find  the 
cost  on  the  Liverpool  and  Manchester  railway  *55  per 
ton,  per  mile,  the  average  load  at  each  trip  being 
SOf  tons ;  while,  upon  the  Stockton  and  Darlington 
railway,  the  cost  is  -38  of  a  penny  per  ton,  per  mile, 
the  average  load  being  QS^  tons.  Upon  the  Killing- 
worth  railway,  the  cost  is  '25  per  ton,  per  mile,  the 
average  load  being  42^  tons ;  but  it  must  be  considered, 
that  the  Killingworth  engines  are  not  nearly  the  power 
of  the  Liverpool  engines  •,  the  evaporating  power  of  the 
former  bemg,  from  50  to  60  cubic  feet,  of  water  per 
hour,  and  the  latter  from  30  to  40  cubic  feet,  per 
hour. 

•The  cost  of  maintenance  of  the  railway^  on  railways 
exclusively    adapted    for    the    conveyance    of   heavy 
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goods,  may  be  taken  at  0-2  of  a  penny  per  ton,  per 
mile ;  the  total  expense,  upon  the  Stockton  and 
Darlington  railway,  for  the  year  ending  30th  June 
1835,  being  0*208  of  a  penny  per  mile,  per  ton  of 
goods. 

I'he  expense  of  waggons^  upon  railways,  used  for  the 
conveyance  of  coals,  is  not  so  great  as  the  charge  under 
the  head  of  carrying  goods^  on  public  railways ;  the 
expense  of  loading  and  unloading  the  goods  being  so 
much  greater  than  with  coals.  Upon  the  Stanhope  and 
Tyne,  and  Brandling  Junction  railways,  the  company 
contract  for  finding  waggons,  and  the  sum  paid  is  at 
the  rate  of  4/.  per  annum,  for  each  waggon,  with  cast- 
iron  wheels,  carrying  53  cwt.  of  coals,  the  company 
being  liable  to  all  breakage.  They  charge  the  parties 
sending  coals  down  their  line,  ^.  per  chaldron  of  53  cwt., 
per  mile,  for  the  use  of  waggons ;  which  is  equal  to  *\^d. 
per  ton,  per  mile. 

The  coal  proprietor  loads  the  waggons,  which  costs 
about  1*13  pence  per  ton;  and  a  separate  charge  of 
1*13  pence  per  ton,  is  made  for  emptying  the  coals  into 
the  vessels.  We  cannot  reduce  this  into  the  cost,  per  ton, 
per  mile,  without  assuming  a  certain  length  of  railway. 
If  the  railway  is  30  miles,  or  equal  to  the  Liverpool  and 
Manchester,  the  cost  of  loading  and  imloading  would 
be  •075d  per  ton,  per  mile ;  or,  *265rf.  per  ton,  per  mile, 
for  the  entire  expense  of  loading,  conveying,  and 
unloading. 

Upon  the  Newcastle  and  Carlisle  railway,  the  min- 
erals being  partly  conveyed  at  the  same  rate,  and  with 
the  same  trains  as  the  passengers,  malleable  iron  wheels 
of  Mr.  Losh's  patent  are  used,  which  are  contracted 

for  at  5/.  each  per  annum ;  the  charge,  made  by  the 
company,  to  the  coal  proprietors,  being  *25c/.  per  ton, 
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per  mile ;  which  would  make  the  entire  cost  •S^d.  per 
ton,  per  mile,  upon  a  public  railway,  for  the  conveyance 
of  coals,  including  the  cost  of  loading  and  unloading, 
the  coals,  the  carriage  of  goods  being  in  one  direction 
only.     (Note  L.,  Appendix.) 

General  Expenses. — This  sum  will  vary  greatly,  ac- 
cording to   the  quantity  of  coaJs  led  along  the  line 
annually;  as  the  items,  constituting  this  charge,  will 
generally  be  nearly  the  same  for  a  large,  as  for  a  small 
quantity.     The  cost,  upon  the  Stockton  and  Darling- 
ton railway,  in  1835,  amounted  to  "069^.  per  ton,  per 
mile;  but,  upon  this  railway,  the  total  quantity  led 
amounts  to  upwards  of  252,000  tons,  annually ;  while, 
upon    the    Liverpool    and    Manchester   railway,    the 
quantity  of  goods  does  not  average  more  than  170,000 
tons  annually,  led  from  one  end  of  the   line   to   the 
other.     We  shall,  therefore,  suppose  one  tenth  of  a 
penny  per  ton,  per  mile,  as  the  amount  of  the  general 
expenses. 

Upon  the  Stockton  and  Darlington,  as  well  as  upon 
the  Clarence,  and  Hartlepool,  railways,  the  entire  dues, 
for  maintenance  of  railway,  general  expenses,  and  in- 
terest of  capital  upon  coals  exported,  is  ^d.  per  ton, 
per  mile;  we  have  seen  the  cost  of  maintenance  of 
the  way  to  be  '2 :  this  leaves  only  -3  of  a  penny  per 
ton,  per  mile,  for  general  expenses  and  interest  of 
capital* 

The  following  table  will,  therefore,  shew  the  cost  of 
working  a  level  line  of  railway,  adapted  for  the  convey- 
ance of  heavy  goods,  or  for  a  mixed  traffic,  when  the 
latter  is  such,  that  a  maximum  effect  can  be  produced 
in  the  conveyance  of  heavy  goods,  without  interruption 
to  the  general  traffic  of  the  line  ;  and  where  the  goods 
are  generally  carried  in  one  direction  only,  the  carriages 
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having    tjo    be    brought    back    empty  in    the    other 
direction. 


Heads  of  charge. 

Coat  per  ton  per  mfle. 

Useful  load. 

Gross  load. 

Locomotive  power,  or  haulage 

Maintenance  of  railway 

Upholding  waggons,  including  loading 
and  unloading  coals. 

General  expenses            -             -          - 

Total  cost 

0-880 
0208 
0  265 

0100 

d. 

0'191 
0104 
0133 

0051 

0*953 

0-479 

We  have  added  the  cost,  per  ton,  for  the  gross  load, 
including  waggons  ;  on  railways,  where  the  traffic 
is  not  entirely  in  one  direction,  the  cost,  per  ton,  of 
useful  load  can  be  calculated.  The  weight  of  the  wag- 
gons is  1  -30  tons,  the  coals  9:^5  tons  ;  we  have,  there- 
fore, 1*30 +2*65  =  3*95  tons,  the  load  in  one  direction, 
and  1*30  tons  in  the  other;  or,  for  every  9,*^  tons  of 
goods,  or  coals,  2*60  tons  of  waggons,  or  5*9,5  tons 
gross  }  therefore,  the  proportion  of  useful  to  gross  load 
is  as  9''&5  :  5*25,  or  nearly  one  half. 

We  may,  therefore,  according  to  the  above  table, 
take  the  entire  cost  of  working  such  a  railway,  all  the 
goods  being  conveyed  in  one  direction,  at  1  rf.  per  ton, 
per  mile,  of  goods,  and  \d.  per  ton  per  mile  gross 
load. 

We  now  come  to  the  entire  cost  of  conveying  coals, 
including  interest  of  capital.    Upon  the  Stanhope  and 
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Tyne  raUwatf,  which  is  almost  entirely  a  railway  for 
the  conveyance  of  coals,  the  charges,  per  chaldron,  per 
mile,  is  3d.  for  haulage  and  railway  dues,  or  VlSd.  per 
ton ;  ^d.  per  chaldron,  per  mile,  for  finding  waggons, 
or  -19 ;  and  6d.  per  chaldron  for  shipping  coals,  each 
chaldron  being  53  cwt. 

But  as,  in  the  comparison  with  other  modes  of  con- 
veyance of  heavy  goods,  these  articles  are  always 
loaded  and  unloaded  at  the  expense  of  the  carriers,  we 
shall  not  include  that  part  of  the  charges ;  the  entire 
cost,  therefore,  of  conveying  coals  upon  that  line  is 
1  -32^.  per  ton,  per  mile. 

We  have  been  favoured  with  the  particulars  of  the 
cost  of  repairs,  of  the  locomotive  engines  upon  the 
Stanhope  and  Tyne  railway,  for  the  years  1835  and 
1836. 
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We  find,  therefore,  that  the  repairs  of  these  engines, 
on  the  average  of  the  two  years  of  1835  and  1836, 
amount  to  about  'lllrf.  per  ton,  per  mile,  gross  load,  or 
•237^.  per  ton,  per  mile,  of  goods. 

In  the  Appendix,  (Notes  I.  K.,)  we  give  the  particulars 
of  the  above  expenses,  arranged  under  the  different 
heads  of  cost ;  from  these,  it  will  be  seen,  that  a  very 
great  proportion  indeed  of  these  expenses  consists  of 
labour ;  or,  in  taking  to  pieces,  and  in  obtaining  access 
to  the  parts  requiring  repair,  and  that  little  more  than 
one  half  the  cost  consists  of  materials ;  arising  almost 
entirely  from  the  construction  of  the  engines,  in  placing 
all  the  machinery  underneath  the  boiler,  and  by  putting 
it  into  as  small  a  space  as  possible.  Mr.  Harrison  has 
attempted  to  diminish  the  expense  ofrepairs,  by  placing 
the  boiler  and  the  machinery  upon  different  carriages^ 
with  a  steam-tight  universal  joint,  of  a  very  ingenious 
construction,  to  communicate  between  the  boiler  and 
cylinders,  for  which  he  has  obtained  a  patent.  PlateXIL 

ITie  following  Table  will  shew  the  wear  of  wheels  of 
the  locomotive  engines  upon  that  railroad. 

Table  XII. 


Names  of  engines. 

Wheels  manufiictured  by 
Robert  Stephenson  &  Co. 

Malleable  iron  tires. — 
Lo6h*s  patent  wheels. 

Number  of 
miles. 

Number  of 
miles. 

Number  of  miles. 

Robert  Stephenson 
Junes  Watt 
Thomas  Harrison  - 
Jaoob  Perkins 
Nathaniel  Ogle      - 
JohQ  Buddie 
Tbonas  Newcomen 

12*756 

10-868 

10'9«8  0) 

13-822  (i) 

16-082 

10-476 

15*456 

15*280 
11*262 
15-358 
21-418 
12-104 
11-894 
2*180  new 

15*600  will  wear  4  months. 
15*970  will  wear  3  months. 

5*228  wheels  good. 
9*426  not  worn  out. 

(1)  ManufiMtured  by  R.  &  W.  Hawthorn. 
(1)  ManuflMturcd  by  Tayleur  &  Co. 
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From  the  preceding  table,  it  will  appear,  that  the 
wear  of  wheels,  will  be  about  15,000  miles  without 
turning ;  these  wheels  being  four  feet  and  a  half  in 
diameter. 

Upon  the  Clarence  railwayj  the  charges  are,  haul- 
age *3J5d.  per  ton,  per  mile,  railway  dues  •5rf.  per  ton, 
per  mile  i  and  as  the  company  do  not  find  waggons,  if 
we  take  the  cost  the  same  as  the  Stanhope  and  Tyne 
railway,  or  '19^.  per  ton,  per  mile,  the  entire  charges 
for  conveying  coals  along  that  line  would  therefore  be 
l*065rf.  per  ton,  per  mile. 

These  charges  are  upon  the  export  coals,  or  coals 
shipped  ;  upon  coals  delivered  at  the  landsale  depdts, 
the  charges  for  railway  dues  are  \d.  per  ton  per  mile, 
making  the  entire  charge  for  those  coals  l'565rf.  per 
ton,  per  mile. 

The  Stockton  and Darlingtonrailway  company  charge 
upon  export  coals,  for  haulage,  \d.  per  ton,  per  mile, 
from  which  a  per-centage  is  deducted,  reducing  it  to 
•4rf.  per  ton,  per  mile ;  railway  dues  ^rf.  per  ton,  per 
mile  ;  and  if  we  take  the  cost  of  waggons  at  *l9d.y  the 
entire  cost  for  export  coals  will  be  VOQd.  per  ton,  per 
mile,  or  a  little  more  than  is  charged  by  the  Clarence 
railway  company.  The  charge  for  railway  dues  upon 
depot  or  landsale  coals  is  l^rf.  per  ton,  per  mile, 
making  the  entire  cost  2*09rf-  per  ton,  per  mile. 

f. — Table  of  the  Cost  of  conveying  heavy  Ooods  on 

Railways. 

We  have,  therefore,  the  cost  or  charges  made  for 
convejdng  coals,  upon  the  railways,  in  the  north  of 
England,  as  per  following  table. 
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Table  XIII. 


Names  of  railway. 

Charges 

for 

haulage 

per  ton 

per  mile. 

Cost  of 
waggons 

per  top 
per  mile. 

RaOway  dues 
per  ton  per  mile. 

Total  charges 
per  ton  per  mile. 

Export 
coals. 

Landsale 
coak. 

Export 
coals. 

Laiid>ale 
coals. 

Stanhope  and  Tyne 

Clarence        -      - 

Stockton  and  Dar- 
lington   - 

Charged 
in  dues. 

0-S75 
0-400 

0-19 
0-19 
0'19 

d. 
132 

0-5 

0-5 

d. 
1-33 

1-0 

1*5 

1-38 

1-065 

1-090 

1-32 
1-565  . 
S-09 

g. —  Table  of  the  Cost  of  conveying  Ooods  and 
Passengers  on  Railways. 

Having,  therefore,  determined  the  expense  of  con- 
veyance by  locomotive  power  on  railways,  both  on 
public  railways,  for  the  conveyance  of  general  merchan- 
dize, minerals,  and  passengers ;  and,  likewise,  of  minerals 
alone,  on  public  railways,  we  now  give  the  result  in  a 
tabular  form,  taking  the  cost  on  the  London  and  Bir- 
mingham railway  for  the  expense  of  haulage. 

Table  XIV. 

Table  of  the  cost  of  conveyance  of  goods  and  passengers  by 

locomotive  engines,  on  railroads. 


Rate 

of 

Resis- 

Cost 

Cost  of 

• 

Cost  of 

Charges 

speed 

in 
miles 

per 

tance 
per  ton 
in  lbs. 

of  haulage 

per  ton 

per  mile. 

carriages 

per  ton 

per 

mile. 

conveyance 
per  ton 
per  mile. 

for 

conveyance 

per  ton 

per  mile. 

Remarks. 

hour. 

d. 

d. 

'•     T 

l-065cf. 

£xp<nt  coals. 

8 

8-5 

0-375 

0-19 

1'065       < 

l-566d. 

Landsale  ooala. 

IS 

8-5 

0-5 

0-227 

2-138 

3-5rf. 

Genera]    mer- 

chandiae. 

r 

0*25  per  pas-* 

f 

0*675  per 

ld.toli(/.per 

i_ 

SO 

8-5-1 

senger. 

0-206' 

paawnger. 

passenger. 

• 

I 

1'73  per  ton  J 

^ 

2*855perton 

12*37perton 

— 
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In  this  table  a  very  great  difference  of  cost  will  be 
observed,  between  the  conveyance  of  coals,  and  general 
merchandize ;    the    latter    amounting  to  Q'lSSd.   per 
ton,  per  mile,  while  the  average  of  the  former  is  V315d. 
per  ton,  per  mile.    This  arises  from  several  causes.    Oii 
public  ndlways,  for  general  merchandize  and  passengers, 
when  the  latter  is  conveyed  at  a  high  rate  of  speed,  it  is 
almost,  if  not  entirely  unavoidable,  to  prevent  the  trains 
with  goods  partaking,  to  a  certain  extent,  of  a  rate  of 
speed  beyond  that  of  the  most  economical ;  the  trains 
are  likewise  obliged  to  be  set  off,   at  certain  stated 
periods,  whether  they  are  fully  loaded  or  not.     We  see 
that  the  trains,  with  general  merchandize,  upon  the 
Liverpool  and  Manchester  railway,   from  which   the 
above  cost  is  deduced,  average  only  47*2  tons  gross 
load ;  upon  the  Stockton  and  Darlington  railway  the 
average  load  is  63*6  tons ;  the  former  travelling  at  the 
rate  of  twelve  to  fifteen  miles  an  hour,  and  the  latter 
eight  to  ten  miles  an  hour.    On  a  reference  to  §  4, 
Art.  7f  Chap.  IX.,  it  will  be  seen,  that  the  relative 
economy  of  these  engines  travelling  at  different  rates  of 
speed,  and  with  loads  proportioned  to  the  rate  of  speed, 
is  in  the  ratio  of  the  resistance  of  the  gross  load  taken, 
including  the  engine  ;  the  relative  resistances  of  these 
loads   will   be  as  66  :  83.      The  cost  of  conveyance 
on  the  Stockton  and  Darlington  railway  is  *4(2.  per  ton, 
per  mile ;    therefore,    as    -4  :  66  ::  83  :  -5,  which   is 
nearly  the  cost  of  the  Liverpool  engines. 

The  above  calculation  will  account  for  the  increase  of 
expense  of  the  motive  power ;  but  this  only  amounts  to 
*\^d.  per  ton,  per  mile,  whereas  the  difference  is  *873d.^ 
leaving  •748rf.  per  ton  per  mile  not  accounted  for.  We 
observe,  that  the  expense  of  carriages  is  greater  for 
general  merchandize  than  for  coals  and  minerals  ;  but 
the  great  difference  exists  in  the  expense  of  conducting 
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the  traffic  of  general  merchandize  upon  public  railways, 
in  receiving  and  storing,  loading  and  unloading  goods, 
and  in  the  expense  of  the  necessary  attendants  ;  none  of 
whom  are  required  for  coals  and  minerals,  which  are  gene- 
rally loaded  and  unloaded  by  the  proprietors.     The  ex- 
pense of  conducting  the  traffic,  including  the  above  enu- 
merated charges,  amounts  to  Id.  per  ton,  per  mile,  upon 
the  goods,  actually  subject  to  the  above  charges ;  or 
•460rf.  per  ton,  per  mile,  upon  the  aggregate  traffic  on 
the  Liverpool  and  Manchester  railway.     This  expense, 
together  with  several  other  items,  which  will  be  seen  on 
examining  the  particulars  under  the  respective  heads  of 
charge,  incidental  to  a  public  railway,  with  a  mixed 
traffic;  will  account,   satisfactorily,    for  the  difference 
between  the  cost  of  conveying  merchandize  on  such 
railways,    and   coals    or  minerals    on   railways    more 
particularly   applicable    to   the    conveyance    of   such 
articles. 

It  is,  however,  a  question  of  some  importance,  how 
far  public  railways,  with  a  mixed  traffic,  and  on  which 
passengers  are  to  be  conveyed  at  high  rates  of  speed, 
are  applicable  to  the  economical  conveyance  of  heavy 
goods  or  minerals.  We  have  before  remarked,  that  the 
example  of  the  cost  of  the  Liverpool  and  Manchester 
railway,  must  be  taken  as  being  beyond  what  may 
reasonably  be  expected  to  be  the  cost  of  future  rail- 
ways. Taking,  however,  the  cost  of  that  railway,  we 
find  the  expense  of  motive  power  *55d.f  of  maintenance 
of  the  railway  •307^.,  and  the  cost  of  upholding  wag- 
gons •93rid.j  altogether  1  •084rf.  per  ton,  per  mile.  These 
are  the  direct  expenses,  any  traffic  on  which  dues  above 
these  sums  can  be  charged,  will  operate  to  diminish  the 
general  or  constant  expenses  of  die  estabUshment,  and 
will,  therefore,  be  profit,  with  the  exception  of  a  portion 
of  expense  of  attendants,  &c.  \  if  we  take  the  general 
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charges  the  same  as  upon  the  Stockton  and  Darlington 
railway,  or  at  'lOOrf.  per  ton,  per  mile,  we  have  the 
whole  expense  equal  to  l'184rf.  per  ton,  per  mile. 

We  see,  therefore,  that  the  entire  cost  of  conveying 
minerals  or  coals  along  a  public  railway,  with  a  mixed 
traffic,  will  be  I*184rf.  per  ton,  per  mile;  without 
reckoning  any  charge  for  interest  of  capital,  or  profits, 
and  taking  the  expense  of  the  Liverpool  railway  as  a 
standard ;  and  if  we  take  the  contract  price  for  haulage, 
upon  the  London  and  Birmingham  railway,  this  will 
be  reduced  to  l*134c?.  per  ton  per  mile.  We  have 
already  explained,  that  the  expense  of  the  motive 
power  is  increased  by  the  diminished  load  taken  at  each 
trip,  that  the  cost  of  maintenance  of  the  Liverpool 
railway  is  greater  than  may  be  expected  in  future ;  we 
may,  therefore,  state,  generally,  that  the  direct  expenses, 
exclusive  of  loading  and  unloading,  and  of  conveying 
coals  or  minerals  along  public  railways,  will  amount  to 
about  Id.  per  ton,  per  mile ;  and  that  any  charge  beyond 
that,  will  assist  in  reducing  the  general  expense  of  the 
necessary  establishment  of  the  railway,  for  conducting 
the  other  traffic. 
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CHAPTER  X. 

COMPARISON  OF  THE  DIFFERENT  DESCRIPTIONS  OF 
MOTIVE  POWER  ON  RAILROADS. 

§  1. — Horses  and  Locomotive  Engines. 

We  shall  now  endeavour  to  shew  the  relative  per- 
formances of  horses,  and  locomotive  engines,  on  rail- 
roads i  and,  in  doing  so,  we  shall  place  them  in  contrast 
with  each  other,  at  three  different  rates  of  speed,  viz., 
1st,  That  when  with  regard  to  horses,  their  perfor- 
mance with  the  load  may  be  considered  a  maximum,  or 
at  2^  miles  an  hour ;  2d,  That  when  travelling,  witli 
light  carts,  at  the  rate  of  four  miles  an  hour;  and, 
Sd,  That  when  travelling  at  the  greatest  rate  of  speed, 
which  they  are  capable  of  doing,  when  yielding  any 
available  power  to  the  load. 

With  regard  to  locomotive  engines,  the  rate  of  speed 
in  each  of  these  divisions  will  greatly  exceed  that  of 
horses ;  but  still  the  comparison  will,  in  some  degree, 
hold  good,  as,  with  those  engines,  we  have  their  per- 
formance with  heavy  loads,  at  from  six  to  eight  miles 
an  hour ;  with  merchandize,  at  from  twelve  to  fifteen 
miles  an  hour;  and,  with  passengers,  at  upwards  of 
twenty  miles ;  or,  in  each  of  the  three  cases,  a  little  be- 
yond double  th^  rate  of  speed  of  horses. 

In  the  former  edition  of  this  Work,  we  confined 
ourselves  to  a  comparison  of  the  relative  performances 
of  horses  and  locomotive  engines,  only  with  respect  to 
the  quantity  of  work  which  each  was  capable  of  perform- 
ing ;  this  comparison,  however,  did  not  comprehend  the 
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whole  question,  and  was,  in  some  respects,  objectionable* 
In  the  first  place,  scarcely  two  locomotive  engines  are 
of  precisely  the  same  power,  and,  therefore,  in  fixing 
upon  a  standard  whereby  to  compare  with  the  power  of 
a  horse,  it  will  depend  entirely  upon  the  power  of  en- 
gine we  fix  upon,  to  compare  with  horses,  what  number 
of  horses'  work  such  an  engine  is  capable  of  performing  j 
and  although  the  comparison  might  be  useful,  as  shew- 
ing the  relative  capabilities  as  to  the  mechanical  efibrt, 
of  the  two  descriptions  of  motive  power,  it  would  not 
be  productive  of  any  useful  purpose,  in  practice. 

The  sole  object  of  the  employment  of  both  these 
modes  of  transport  is,  to  convey  goods,  or  passengers* 
and  the  rate  of  speed  and  cost  at  which  they  can  be 
conveyed,  is  the  great  desideratum ;  for,  although  an 
engine  may  be  capable  of  performing  the  work  of 
several  horses,  yet  the  cost  may  be  more  than  in  pro- 
portion to  the  increased  performance;  and,  conse- 
quently, unless  we  know  the  cost  of  each  of  the  two 
systems,  the  information  will  be  defective.  We  shall, 
therefore,  in  this  edition,  give  the  cost  of  conveying 
goods  by  horses,  and  locomotive  engines,  deduced  from 
the  preceding  investigations.  Referring  to  Table  IX* 
Chap.  IX.  §  1,  Art.  7,  we  have  the  cost  of  conveying 
goods  and  passengers,  by  horses,  on  railroads ;  and  to 
Table  XIV.  §  4,  Art.  8,  in  the  same  chapter,  we  have 
the  cost  of  the  same  work,  by  locomotive  engines,  from 
which  tlie  following  table  has  been  constructed. 

Art.  1. —  On  the  comparative  Cost  of  Horses  and 

Locomotive  Engines. 

Table  of  the  relative  cost  of  conveying  goods,  and 
passengers ;  by  horses,  and  locomotive  engines,  on  rail- 
roads, at  different  rates  of  speed. 
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Table  I. 


Horses. 


Rate 

of  speed 

in  miles 

per  hour. 


2i 


10 


Cost 

of  haulage 

per  tou 

per  niile. 


d. 

0-56 

0*9 


^.  per  pas- 
senger. 

2 '£4  per  ton 
per  mile. 


Charges 

of  conveying 

goods 

and  passengers. 


I^Komotive  engine. 


Rate 
of  speed 
in  miles 
per  hour. 


d, 

I  '65   per    ton 
per  mile. 

S'627  per  ton 
per  mile. 

Id.  to  li<2.  per 
passenger. 

1«.  3d,  per  ton 
per  mile. 


8 


12 


20 


I 


Cost 

of  haulage 

per  ton 

per  mile. 


0-375 
0-5 


0*25  per  pas- 
senger. 

0*73  per  ton 
per  mile. 


Charges 
of  cooTeying 
goods 
and 


d. 

1065  per  too 
per  mik. 

3*5  per  ton  per 
mile. 

Id.  to  lid,  per 


12*37  per  ton 
per  mile. 


The  above  table  will  shew,  in  a  very  conclusive 
manner,  the  superiority  of  locomotive  engines,  over 
horses,  in  the  conveyance  of  goods  and  passengers  on 
railroads ;  and  likewise  exhibits  the  great  increase  in  the 
rate  of  performance,  at  the  higher  rates  of  speed.  In 
point  of  cost  of  the  motive  power,  we  see  that  goods  can 
be  conveyed,  at  five  times  the  rate  of  speed,  by  locoroo* 
tive  engines,  and  at  a  less  rate  than  with  horses ;  and  that 
passengers  can  be  conveyed,  at  double  the  rate  of  speed, 
capable  of  being  attained  by  horses,  at  very  little  more 
than  at  the  same  price  per  ton,  which  horses  are  capable 
of  conveying  goods,  at  their  minimum  rate  of  travelling. 

Upon  any  railroad,  therefore,  where  goods  are  con- 
veyed at  the  rate  of  from  ten  to  twelve  miles  an  hour, 
passengers  could  be  conveyed,  in  the  same  train  with 
the  goods,  at  a  rate  of  speed  quite  as  great  as  horses 
are  capable  of  effecting,  if  employed  exclusively  in  the 
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conveyance  of  passengers ;  the  power  of  competition, 
with  horses,  in  such  a  case,  is,  therefore,  quite  out  of 
the  question.  The  cost,  per  ton,  of  conveying  goods, 
and,  of  course,  passengers  also,  by  locomotive  engines, 
at  twelve  miles  per  hour,  is  0*5  per  ton,  per  mile; 
while,  at  the  rate  of  ten  miles  an  hour,  by  horses,  the 
cost  is  2^rf.  per  ton,  per  mile,  or  nearly  four  times  as 
great ;  and,  consequently,  the  profit  derived  from  the 
conveyance  of  passengers,  by  locomotive  engines,  is 
nearly  four  times  that  by  their  conveyance  with  horses. 
All  light  goods,  and  passengers  required  to  be  con- 
veyed, at  a  quick  rate,  will  be  best,  and  most  eco- 
nomically performed,  by  engines ;  but,  with  respect  to 
heavy  goods,  there  is  a  limit 

The  cost  of  conveyance,  at  the  rate  of  eight  miles  an 
hour,  is  performed  by  engines  with  a  maximum  load  ;  at 
the  rate  of  twelve  miles  an  hour,  the  quantity  conveyed 
is  not  the  greatest  which  the  engine  could  convey,  at 
that  rate  of  speed  ;  still  it  is  very  considerable,  and  those 
engines,  being  very  powerful,  take  a  very  heavy  load  at 
a  time.  It  may  not  be  always  convenient  or  practicable 
to  obtain  a  maximum  load,  for  the  convenience  of  the 
traffic,  it  may  be  necessary  that  the  trains  should  make 
a  certain  number  of  trips  each  day,  whether  there  be  a 
complete  load  or  not,  in  the  same  manner  as  a  stage 
coach,  is  obliged  to  start,  if  it  has  not  obtained  a  full 
complement  of  passengers ;  and,  in  this  case,  or,  in 
others,  where  the  traffic  is  not  considerable,  the  quantity 
of  goods  to  be  conveyed  between  one  place  and  another, 
may  either  be  so  inconsiderable,  as  not  to  affi^rd  full 
employment  for  one  engine ;  or,  the  nature  of  the  traffic 
may  be  such,  as  may  require  so  many  trips  each  day, 
and  thus  reduce  the  quantity  to  be  taken  at  once,  below 
that  of  a  profitable  quantity  with  engines  ;  and,  therefore, 
in  some  cases,  horses  may  be  more  economical  than 
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locomotive  engines.  Thus  we  see,  that,  at  the  rate  of 
2i  miles  an  hour,  goods  are  conveyed  for  0'56d.  per 
ton,  per  mile,  by  horses,  and  that,  at  12  miles  an  hour 
with  engines,  the  cost  is  0*5(f.,  being  nearly  the  same ; 
and,  therefore,  in  very  short  lines  of  railway,  where 
time  for  the  delivery  of  the  goods  is  of  little  conse- 
quence, and  where  the  quantity  to  be  conveyed  is  not 
great,  horses  may  be  beneficially  employed. 

And  if,  in  such  a  case,  the  railway  for  the  use 
of  horses,  be  constructed  at  a  less  cost  than  for  the 
use  of  engines,  the  balance  may  be  in  £ivour  of 
horses. 

But  upon  long  lines  of  railway,  where  expedition  in 
the  delivery  of  goods  is  of  consequence,  and  where  the 
passengers  to  be  conveyed  are  considerable  ;  and  where 
the  traffic  is  of  such  an  extent,  as  to  warrant  the  con- 
struction of  a  railway  for  locomotive  engines,  that  de- 
scription  of  motive  power  will  be  found  to  be  the  most 
economical. 

§  2. — Fixed  and  Locomotive  Engines. 

The  inquiry,  instituted  by  the  directors  of  the  Liver- 
pool and  Manchester  railway,  as  to  the  motive  power 
most  advisable  to  be  adopted  on  that  road,  has  often 
been  noticed.  The  engineers  appointed  for  that  pur- 
pose, having  visited,  in  the  spring  of  the  year  1829,  all 
the  different  railways,  where  any  information  on  the 
subject  was  likely  to  be  obtained,  and  having  published 
their  report;  some  very  valuable  information  of  the 
relative  economy  of  the  different  modes  of  transit  on 
railways,  at  that  time,  and  more  particularly  on  the 
two  the  subject  of  our  present  attention,  is  presented 
to  us.  And  as  these  reports,  together  with  some 
observations  upon  them,  furnish  information,  which  we 
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deem  valuable,  on  this  subject ;  we  feel  it  a  duty  we  owe 
to  the  public,  in  our  capacity  of  pretending  to  present 
to  its  notice  a  practical  work  on  railways,  to  give  the 
substance  of  these  reports,  for  which  we  are  indebted 
to  the  liberality  of  the  directors  of  the  Liverpool 
railway. 

In  doing  so,  it  is  necessary  to  observe,  that  the  es- 
timates of  Messrs.  Walker  and  Rastrick  were  made 
previous  to  the  improvements  in  the  locomotive  engines, 
induced  by  the  Liverpool  experiments ;  while  the  esti- 
mates  of  Messrs.  Stephenson  and  Locke,  contrasted 
with  them,  were  made  subsequent  to  those  improve- 
ments. The  former  of  these  estimates,  therefore,  more 
properly  exhibits  the  comparative  value  of  the  two 
modes,  at  the  period  antecedent  to  those  improvements, 
than  that  of  the  present  time ;  and,  on  that  account,  it 
is  scarcely  &ir,  perhaps,  to  contrast  them  with  estimates 
founded  upon  data,  the  result  of  subsequent  improve- 
ments, which  have  so  materially  altered  the  position 
of  the  two  modes,  with  regard  to  their  respective 
values;  and,  therefore,  shewing  that  the  estimates  of 
Messrs.  Stephenson  and  Locke,  being  made  after  those 
improvements,  would  be  the  most  proper.  There  being, 
however,  some  difference  of  opinion  between  the  two 
estimates,  not  resulting  from  the  improvements  alluded 
to ;  and  the  details  of  the  estimates  of  Messrs.  Walker 
and  Rastrick,  furnishing  some  very  useful  information 
on  the  subject,  we  trust  no  apology  is  necessary,  in 
laying  before  our  readers  a  brief  statement  of  the  two 
calculations,  except  in  what  is  due  to  Messrs.  Walker 
and  Rastrick,  for  presenting  their  estimates  under  such 
disadvantageous  circumstances.  Trusting,  however,  that 
with  regard  to  those  gentlemen,  the  previous  brief 
explanation  will  be  sufficient  to  counteract  any  im- 
pressions, arising  from  a  contrast  of  their  conclusions, 

s  s 
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with  those  derived  from  materials  partly  furnished  by 
ulterior  improvements. 


Art.  1. — Messrs.  Walker  and  Rastrick^s  Estimates. 

The  report  of  Messrs.  Walker  and  Rastrick*  arose 
from  a  request,  of  the  directors  of  the  Liverpool  and 
Manchester  railway,  that  those  gentlemen  should  un- 
dertake "a  journey  to  Darlington,  and  the  neighbour- 
hood of  Newcastle  ;  to  inspect  the  different  railways  in 
those  districts,  and  to  ascertain,  by  a  thorough  inves- 
tigation  into  the  power  of  the  engines,  the  cost  of 
working  them,  and  their  actual  performances,  the 
comparative  merits  of  the  two  descriptions  of  moving 
power;*'  or,  as  Mr.  Walker  very  briefly  expresses  it, 
•^  What,  under  all  circumstances,  is  the  best  description 
of  moving  power,  to  be  employed  upon  the  Liverpool 
and  Manchester  railway  ?  ** 

As  a  basis  for  the  calculation  of  the  reporters,  the 
following  extent  of  traffic  was  assumed  by  the  directors 
as  likely  to  occur. 


«  Report  to  the  Directors  of  the  Liverpool  and  Manchester  rail* 
way,  on  the  comparative  merits  of  locomotive  and  fixed  engines.  B j 
James  Walker  and  J.  U.  Rastrick,  civil  engineers. 
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The  section  of  the  railway,  from  Liverpool  to  Man- 
chester, being  as  follows  : — 


Distance. 

Inclination. 

MUes.  Yds. 

Tunnel  (engine  plane) 

1     240 

Rise  1  in  4>8. 

Level               •            -         -        - 

i  120 

Level. 

To    foot  of  Whiston,  or  Rainhill 
inclined  plane. 

5*   - 

Fall  1  in  1092. 

Kainhill  plane 

H  - 

Rise  1  in  96. 

Rainhill  level            ... 

H  - 

Level. 

Sutton  plane        .... 

H  - 

Fall  1  in  96. 

Parr  Moss,  6ic,         -          - 

n  - 

—  1  in  2640. 

. 

6S    - 

—   1  in  880. 

Chat  Moss,  &c.            ... 

H  - 

Rise  1  in  1200. 

To  Manchester            ... 

41  _ 

LeveL 

The  following  is  the  estimate  of  Messrs.  Walker  and 
Rastrick,  on  a  transit,  equal  to  2000  tons  of  goods,  or 
3000  tons  gross  daily* 


LOCOMOTIVK   ENGINES. 

The  power  of  each  engine  was  assumed  to  be  that  of  10  horses* 
weighing  8  tons,  and,  with  its  water  and  fuel,  10§  tons,  and  capable 
of  taking  19|  tons  gross,  or  13  tons  of  goods,  and  6^  tons  of  wag- 
gons, at  the  rate  of  10  miles  an  hour  (a  note  M). 

Cost  of  one  engine        ...     £550 

Spare  engine  for  every  five        -        -        1 10 

Tender,  tank,  ditto        •        -  -  50 

One  fifth  for  spare  engine        -  -  10 


Total  cost,  j£720,  and  suppoung  the 
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average  durability  equal  to  20  years,  or  12^  years'         £     s.    d, 
purchase,  the  annual  charge  for  capital  will  be, 
after  deducting  60/.  for  old  materials,  receivable 
at  the  end  of  20  years,  equal  to  36«.  in  present 
money  -  -••-.- 

Annual  repairs  (b  note  M)        .        .  .  • 

Coal  for  fuel,  382  tons,  at  5s,  \0d.  (c  note  M) 

Wages,  grease,  hemp,  &c  {d  note  M)    - 


55 

16 

0 

107 

8 

0 

111 

8 

4 

92 

12 

0 

Total  cost  of  one  engine,  working  312  days     -     j£S67    4    4 

I 

Each  engine  being  calculated  to  take  13  tons  of 
goods,  it  is  supposed,  that,  exclusive  of  stop- 
pages, it  may  travel  3  journeys  daily,  equal  to 
90  miles,  =  1170  tons   1  mile;   the  daily  traffic 
being  taken  at  4O00  tons,  conveyed  30  miles^ 
or  120,000  tons,  1  mile,  will  require  102  engines 
constantly  at  work,  which,  at  S67L  4fS.  ^cL  each,  is   379456    2    0 
Messrs.  Walker  and  Rastrick  considered  the  power 
of  locomotive  engines  quite  inapplicable  upon  the 
two  inclined  planes  (e  note  M),  and  therefore 
calculated  upon  those  planes  being  worked  by 
stationary  engines  with  ropes,  the   eicpense  of 
which  (/note  M)  is  equal  to        -        -  -     5,013    6    0 

Crossing  upon  level  of  way,  120/.,  of  which  the 

interest  b---  -  -  -  600 

Annual  expense  of  water  stations  (g  note  M)         -        922  10    0 
Duplicates  of  engines     jf400    0    0 
Duplicates  of  ropes, 'v 

18    tons     17    cwt  >     960  14    3 

16  lbs.,  at  51/.        'J 
Signals  -  -         100    0    0 


;€1,460  14    3  at  5  per  cent.  73    2    0 


Interest  of   capital,    and    annual   expenditure   of 
locomotive  engines        «  -  -  .^43,471     0    0 


which,  for  4000  tons,  moved  30  miles  per  day,  is  equal  to  0'2787 
of  a  penny  per  ton  per  mile. 

S  S  3 
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AMOUNT   OF   CAPITAL    FOR   LOCOMOTIVE   BMGJMB8, 

123  engines  and  tenders,  at  600/.          .          ,  .  j£73,800     O    0 
Fixed  engines  for  Rainhill  and  Sutton  inclined  planes, 

(/noteM)         -              .            .            -  .  9,190 

Duplicates  for  same,  and  machinery  (as  above)  -  400 

Ropes  for  Rainhill,  deducting  old,  (/note  M)  -  792 

Duplicate  ropes,  (as  above)        -        .           ,  -  961 

Cost  of  iron  crossings         -         -         -         .  •  120 

Signals  for  Rainhill  and  Sutton  planes          -  -  100 

Ten  water  stations,  at  560L  (g  note  M)         -  -  5,600 


0 

0 

0 

0 

0 

0 

14 

s 

0 

0 

0 

0 

0 

0 

Requisite  capitals  for  locomotive  engines     ^90,963  14    3 

STATIONARY    ENGINES. 

Messrs.  Walker  and  Rastrick,  in  order  to  carry  this 
system  into  effect,  proposed  to  divide  "  the  space  be- 
tween the  Liverpool  tunnel,  and  the  foot  of  Rainhill 
plane,  about  six  miles,  into  four  stages,  each  1^  mile 
long.  The  ascending  and  descending  planes,  each  to 
form  one  stage ;  the  two  miles'  level  upon  Rainhill,  two 
stages ;  and  the  nineteen  miles,  from  the  foot  of  the 
plane,  to  Manchester,  into  twelve  stages,  of  IJ^  mile 
each ;  and  one  stage,  of  one  mile,  nearest  to  Man- 
Chester.*'  The  speed,  when  in  motion,  to  be  twelve 
miles  an  hour,  which,  including  stoppages,  will  be  re- 
duced to  an  average  rate  of  nine  miles  an  hour. 

The  engine  power  will  then  be  as  follows : — 

Horses*  power. 

1 —  30  horse  power   engine,    at  the  top   of  the  Liverpool 

tunnel,  to  drag  the  carriages  towards  itself        -       -         dO 

2 —  60  ditto,  to  the  foot  of  the  RainhiU  plane,  (a  note  N)    -       120 

1 —  40  ditto,  at  the  foot  of  the  plane  -  -  -         40 
2 — 120  ditto,  to  work  Rainhill  and  Sutton  planes,  (b  note  N)       240 

2 —  40  ditto,  one  between  the  two  planes,  and  one  at  the 

bottom  of  the  Sutton  plane              -              -            -  80 
12 —  60  ditto,  between  the  foot  of  the  Sutton  plane  and  Man- 
chester           -            -            -            -            -        -  720 

1 —  24  ditto  at  Manchester            -          -        -        -            -  24 

Total  horses'  power    -     1254 
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ESTIMATE   OF    THE   EXPENSE   OF    STATIONARY    ENGINES. 

At  the  top  of  the  tunnel  at  Liverpool,  30  horse  engine,        £      s*  d, 
cost  of  -  -  -  -  -     2,000    0    0 

To  work  the  two  planes  of  Rainhill  and  Sutton,  two 
60horse  engines  {b  note  N)  -  -  -    10,000    0    0 

At  the  foot  and  middle  of  the  flat  on  the  top  of  the 
two  planes,  three  stations,  with  two  20-hoTBe  engines 
at  each,  {o  note  N)  .  .  «  •     8,190    0    0 

15  stations,  with  two  30-horse  engines,  each  cost 
3500/  (d  note  N)  -        -  -        .  .   52,500    0    0 

Two    12-horse   engines,    at    the    Manchester   end, 

(enoteN)  -  .  -  -  .     1,725    0    0 

PuUies  for  two  lines  of  road,  each  29|  miles  long» 
8  yards  distant,  =  13,090  at  15^.  each,  including 
fitting  up  -  ...     9,817  10    0 

Extra  foundation  of  engine,  and  engine  houses,   on 

Chat  Moss  .....     3,000    0    0 


£87,172  10    0 


Interest  of  capital  5/.  per  cent,  and  depreciation  l^per 

cent  =  61  per  cent  on  87,172/.  10*.  is        -  -      5^666    4    S 

Repairs,  coals,  and  working  expenses  (fnote  N)        -    11,257  15    8 

Ropes,  at  -^^^  of  a  penny  per  ton  per  mile,  upon  4O00 
tons,  conveyed  27  miles  per  day,  for  312  days, 
(^noteN)  .....    11,232    0    0 

Ropes  upon  Rainhill  and  Sutton  planes  (detailed  in 
e  note  M)  -  -  -  -     3,315  12    0 

Rope  for  tail  rope  on  Rainhill  and  Sutton  planes,  at 
-r^  of  a  penny  per  ton  per  mile,  upon  4<XX)  tons 
conveyed  3  miles  per  day,  for  312  days  (g  note  N)  - 

Spare  rope,  interest  upon  value  (h  note  N) 

Sundry  expences  (t  note  N) 

Interest  of  capital  and  annual  expenditure  of     .   ■ 

stationary  engines  -  -  .        ^33,294"  11     S 


312    0 

0 

219  15 

0 

1,291     4 

6 

which,  for  4000  tons,  conveyed  30  miles  per  day,  for  312  days,  is 
equal  to  0*2134  of  a  penny  per  ton  per  mile. 


S  S  4 
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AMOUNT   OF  CAPITAL   FOR   STATIONARY   ENGINES. 


Cost  of  engines             -             -                -  - 

Duplicates  of  same  (t  note  N)            -            -  - 
Ropes  4S95/.  (A  note  N)  and  792^  (e  note  M) 

Cast-iron  crossings            .            .              .  - 
Store-ropes  5SS6^  l6s.SdL(h  note  N),  and  961/.  lis.Sd. 

(per  locomotive  engine  estimate) 

Signals            -            -            -            -          -  . 


£        a.  d. 

87,172  10  0 

1,S54  0  0 

5,187  0  0 

SOO  O  Q 

6,298  II  0 

550  0  0 


Requisite  capital  for  stationary  engines    -    £  100,862     1     0 


COMPARISON   OF    THE   TWO   SYSTEMS. 


1 

Q^itaL 

Annual  expense. 

Expense  of  taking 

a  ton  of  goods 

one  mile. 

£      s. 

d. 

£      8.    d. 

Locomotive  en- 

90,403  U 

S 

ifS,^6^    9    0 

0'2786olkpeiiiiy. 

gmes. 

Stationary  en- 

100,862    1 

0 

33,317    7    3 

0-2185 

gines. 
Difference 

Locomotive 

10,458    6 

9 

10,147     1     9 

0*0651 

Less. 

More. 

More. 

system. 

Art.  2. — Messrs.  Stephenson  and  Lockers  Estimate.. 

The  publication  of  the  report,  containing  these 
calculations  and  conclusions,  brought  forth  an  exami- 
nation of  their  correctness,  from  Mr.  R.  Stephenson, 
son  of  Mr.  Stephenson,  engineer  to  the  railway,  and 
Mr.  Locke,  one  of  the  sub-engineers.*     Disclaiming 

*  Observations  on  the  comparative  merits  of  locomotive  and  fixed 
engines,  by  Robert  Stephenson  and  Joseph  Locke,  civil  engineers. 
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any  intention  of  entering  into,  or  exciting  any  contro- 
versy, as  to  which  of  the  two  estimates  exhibit  the  most 
correct  value  of  the  two  modes  of  conveyance;  we 
think  the  details  of  each  of  sufficient  utility  in  a  work 
of  this  kind,  to  justify  their  insertion,  and  it  is  on  that 
account  alone  we  are  induced  to  present  them  to  the 
reader.  It  will  be  readily  seen,  on  a  slight  inspection 
of  the  two  estimates,  that  the  fundamental  difference 
arises  from  the  increase  of  power,  effected  in  the  con- 
struction of  the  locomotive  engines  since  the  estimates 
of  Messrs.  Walker  and  Rastrick  were  formed;  and 
which  those  gentlemen,  as  reporting  upon  the  then 
practical  work  of  those  engines,  were  not  bound  to 
contemplate.  In  this  view  of  the  case,  it  would  have 
been  sufficient,  to  have  given  Messrs.  Stephenson  and 
Locke's  estimate,  as  forming  the  latest,  and  that  de- 
duced from  the  improved  state  of  those  engines ;  but 
there  are  other  differences  in  the  estimates,  besides 
those  arising  from  the  causes  above  named,  which,  we 
trust,  will  excuse  us  in  offering  the  whole  in  the  briefest 
possible  state ;  recommending  to  those  more  deeply  in- 
terested in  the  inquiry,  a  perusal  of  the  respective 
pamphlets,  which  contain  much  valuable  information  on 
the  subject. 

LOCOMOTIVE   ENGINES. 

The  power  of  each  engine  is  taken  as  equal  to  20  tons  of  goods,  or 
30  tons  gross,  conveyed  90  miles,  or  three  trips  between  the  two 
places  daily  =  ISOO  tons  conveyed  1  mile,  at  the  rate  of  12  miles  an 
hour.    Engine  weighing  under  5  tons  (a  Note  O). 

Cost  of  one  engine  and  tender  -  -  £600 

One  fifth  for  spare  engines  and  tender        -      120 

Total  cost        .        -  je720 
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Interest  of  capital,  including  depreciation  of  7202.,  at  £    s*    dL 

7i  per  cent  -  -  -  --54     00 

Add  annual  repairs,  as  ascertained  by  actual  observa- 
tion on  the  Springwell  and  Darlington  railways 
(6  note  O)  -  -  -  -  -  50     O    0 

Engine  man,  wages  21^  per  week,  assistant  26/.  per 
annum  -  -  -  -  -         -  80  12    0 

Coals  for   fuel,    439  tons  per  annum,    at  5s,  lOd. 

(cnoteO)  -  -  -  -  .         123     0    0 

Grease,  oil,  hemp,  &c.  -  •  -  -  12     0    0 

Total  cost  of  one  engine,  working  312  days         -       £324  12    0 

Each  engine  being  calculated  to  take  20  tons  of  goods 
90  miles,  or  1800  tons  1  mile;  and  the  daily  traffic 
being  estimated  at  4000  tons  conveyed  30  miles,  or 
120,000  tons  1  mile,  will  require  67  engines  to  per- 
form the  work  at  324/.  12*.  lOrf,  per  annum,  is       -    21,750  19  10 

Messrs.  Stephenson  and  Locke  estimate  that  locomo- 
tive engines  are  capable  of  conveying  goods  up  the 
inclined  planes,  which  they  proposed  to  do  by  assis- 
tant engines,  which  will  perform  |^ths  of  the  work 
on  a  level,  =  12  tons,  and  supposing  each  engine  to 
make  20  journeys,  or  60  miles  a  day,  will  be  246 

4000 x 12 
tons.     Hence =10  assistant   engines,   at 

20x240  ^ 

324/.  12*.  lOrf.  {d  note  O)             -             -  -      3,246     0     0 

Annual   cost  of  five   water  stations,  at    104/.  each 

(cnoteO)            -             -            -            -  -        520     O     0 

£25,517     8     2 


Interest  of  capital,  and  annual  expenditure  of  locomotive  engines, 
which,  for  4000  tons,  conveyed  30  miles  per  day,  is  equal  to  0*164  of 
a  penny  per  ton  per  mile. 

AMOUNT    OF   CAPITAL    FOR    LOCOMOTIVE   ENGINES. 

93  engines  and  tenders,  at  600/.  -  -  j£55,800     O     0 

4  water  stations,  at  500/.  {e  note  O)  -  -     2,000     O     0 

Crossings  at  the  llainhiU  and  Sutton  inclined  planes, 
for  the  assistant  engines  to  pass  from  one  line  of 
road  to  the  other  ...  -        200     O     0 


Total  capital  for  locomotive  engines        -    i£  58,000     0     O 
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STATIONARY   ENGINES. 


Dividing  the  distance  into  the  same  number  of  stages 
as  Messrs.  Walker  and  Rastrick,  the  following  is  the 
power  calculated  by  Messrs.  Stephenson  and  Locke. 

Horse  power. 
1 — iiO'hone  power  engine  at  the  tunnel  (d  note  P)  -40 

3 — 80  ditto,  on  the  1^  stages,  to  the  foot  of  the  Rainhill 

plane  (a  note  P)  -  ...      240 

2—50  ditto,  at  the  foot  of  the  two  planes  (d  note  P)         -       100 

1—48  ditto,  on  the  level  between  the  planes  (b  note  P)     -        48 

2 — 80  ditto,  to  work  the  two  planes  (c  note  P)  -         -       160 

12 — 80  ditto,  between  the  foot  of  the   Sutton  plane  and 

Manchester  (a  note  P)  -  ...      960 

1—24  ditto  at  Manchester  ^  .  -  -        24 


Total  horses  power        -     1572 


ESTIMATE   OF   THE   EXPENSE   OF    STATIONARY   ENGINES. 

1  engine  of  40-horse  power  at  the  tunnel  -  -  jf  1,800    0    0 
17  stations,  including  the  two  planes,   with  two  40- 
horse  power  each  (e  note  P)  at  4200^           -         -    71,400    0    0 

2  stations  at  the  bottom  of  the  two  planes,  with  two 

25-horse  power  each  (/note  P)  at  2880^  -  5,760  0  0 
1  station  on  top  of  planes,  with  two  24-horse  engines, 

same  as  above             .             -             -           -           .  2,880  0  0 

1  24-horse  power  engine  at  Manchester  (g  note  P)    -  1,890  0  0 

Sheaves  for  ropes,  13,090  at  12*.  each  -  -  7,854  0  0 
4  sets  of  crossings,  and  turn-outs  at  each  station,  88 

at  50/.                -                -             .             -            -  4,400  0  0 


^95,984    0    0 


Interest  and  depreciation  of  capital,  95,984/.  at  6^  per 

cent            --.-..  6,288  19    2 

Coals  for  engines,   repairs,    and    working   expenses 

(A  note  P)                ....  18,917  5    0 

Ropes  (t  note  P)               -            -             -                -  16,136  7  10 

Duplicate  ropes,  interest  of  value  upon  (^  note  P)     -  739  4    5 

Interest  of  capital  and  anuual  expenditure  of 

stationary  engines  ...  j£'42,031  16    5 
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which,  for  4000  tons,  conveyed  30  miles  per  day,  for  312  days,  is 
equal  to  0^94  of  a  penny  per  ton  per  mile* 

AMOUNT   OF   CAPITAL   FOR  STATIONARY   ENGINES. 

Estimated  capital  as  before  ...   95,984     O    0 

Ropes,  &c  in  use  (•  note  P)         -  ...    10,727  18     0 

Duplicate  ropes  and  machinery  {k  note  P)     -  -    14,784     9    0 


Capital  requisite  for  stationary  engines    -£15^1,496     7     0 


COMPARISON   OF    THE   TWO   SYSTEMS* 


Locomotive  en- 
gines. 

Stationary  en- 
gines. 


Capital. 


Jt        S*    d, 

58,000  0  0 
121,496  7  0 


63,496  7  0 


Locomotive 
system. 


Less. 


Annual  expense. 


£      8.    cU 
25,517    8    2 

42,031  16    5 


16,514    8    3 


Less. 


Expense  of  taking 

a  ton  of  goods 

one  mile. 


0*164  of  a  penny. 


0  269 


0105 


Lesa. 


We  trust  we  have  given  a  brief,  and,  at  the  same 
time,  sufficiently  explanatory  account  of  the  estimates 
of  the  two  systems  j  and  shall,  therefore,  leave  it  to  the 
reader  to  draw  his  own  conclusions.  We  are  the  more 
inclined  to  do  this,  from  having,  in  1822,  advocated  the 
superiority  of  the  locomotive  over  the  stationary  sys- 
tem }  and,  therefore,  any  observations  of  ours,  might  be 
deemed  as  coming  from  one  predisposed  to  judge  in 
favour  of  the  former  system. 
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With  regard  to  the  policy  of  employing  one  or  other 
of  these  modes  upon  public  lines  of  railway,  we  must, 
however,  in  candour, — and  we  think  so  much  due 
to  our  readers, — state,  that  we  entirely  concur  with. 
Messrs.  Stephenson  and  Locke  in  opinion,  "  That  in 
considering  the  long  chain  of  connected  power  of  the 
stationary  engines,  given  out  by  so  many  machines, 
with  the  continual  crossings  of  the  trains  from  one  line 
to  the  other,  and  subject  to  the  government  of  no  fewer 
than  150  men,  whose  individital  attention  is  all  re- 
quisite to  preserve  the  communication  between  two  of 
the  most  unportant  towns  in  the  kingdom.  We  cannot 
but  express  our  decided  conviction,  that  a  system 
which  necessarily  involves,  by  a  single  accident,  the 
stoppages  of  the  whole,  is  totally  unfitted  for  a  public 
railway. 

Mr.  Walker  virtually  expresses  the  same  opinion, 
when  he  says,  "  The  probability  of  accident,  upon  any 
particular  part  of  the  system,  is,  I  think,  less  with  the 
stationary,  than  with  the  locomotive,  but,  in  the  for- 
mer, the  effects  of  an  accident  extend  to  the  whole  line^ 
whereas,  in  the  latter,  they  are  confined  to  the  particu^ 
lar  engine  and  its  train^  imless  they  happen  to  obstruct 
the  way,  and  prevent  others  from  passing.  The  one 
system  is  like  a  number  of  short  unconnected  chains ; 
the  other  resembles  a  chaiUj  extending  Jrom  Liverpool 
to  Manchesterj  the  failure  of  one  link  of  which  would 
derange  the  whole. 

These  comparisons  refer,  more  particularly,  to  public 
railways,  and  to  lines  of  road  nearly  level ;  on  private 
railways,  for  the  conveyance  of  goods  or  minerals  alone^ 
and  where  the  inclination  is  too  great  for  the  applica- 
tion of  locomotive  engines,  these  estimates  wUl  be  ex- 
tremely useful,  in  calculating  the  expenses  attendant 
upon  each  particular  system.    We  have  previously  given 
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the  formula  for  calculating  the  power  required  to  work 
planes,  either  by  fixed  engines,  or  self-acting  by  the 
power  of  gravity;  and,  in  the  Appendix,  we  give 
(note  Q)  a  Table  of  the  wear  of  ropes  upon  several 
planes,  which  will  still  further  assist  the  reader  in  mak- 
ing tlie  necessary  calculations. 


Art.  3 — Modern  Lnnes  of  Railway y  tvith  FH^ved  and 
Locomotive  Engines^  compared* 

Although  locomotive  engines  have  been  much  im- 
proved, and  altered,  since  the  above  comparison  was 
made,  we  have  deemed  it  advisable  to  present  these 
estimates  to  the  public,  as  shewing  the  cost  of  fixed 
engines,  compared  with  locomotive  engines,  of  a  certain 
construction,  and  such  as  produces  a  more  economical 
result,  than  by  the  improved  modem  engines ;  they  are, 
therefore,  the  description  of  engine,  which  ought  more 
properly  to  be  placed  in  contrast  with  fixed  engines, 
than  the  locomotive  engines,  constructed  more  with  a 
view  to  rapidity  of  transit,  than  economy. 

For  although  the  modem  engines,  are  infinitely  better 
adapted  for  the  conveyance  of  passengers  and  goods,  at 
a  quick  rate  of  speed,  yet  they  are  much  more  expen- 
sive than  the  old  engines.  This  is  shewn,  in  comparing 
the  cost  of  haulage,  by  the  Killingworth  engines,  and 
the  engines  upon  the  Liverpool  and  Manchester  rail* 
way  ;  the  former  being  accomplished  at  the  cost  of  less 
than  ^.  per  ton,  per  mile,  while  the  other  is  above  ^ 
per  ton,  per  mile ;  this  is  partly,  but  not  entirely,  at^ 
tributable  to  the  latter  not  being  furnished  with  a  com- 
plete load  at  each  trip.  We,  therefore,  think,  these 
estimates  may  be  useful,  as  shewing  the  cost  of  working 
locomotive  engines,  adapted  solely  to  situations  exdu- 
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si vely  used  for  the  conveyance  of  coals,  or  heavy  goods, 
and  not  for  passengers ;  and  as  such,  are  properly  placed 
in  contrast  with  fixed  engines. 

And,  we  would  add,  that  the  result  of  the  estimates 
of  the  locomotive  power,  taking  the  average  of  the  two, 
are  fully  borne  out  by  the  practical  result  on  the  Kil- 
lingworth  railway ;  and,  if  we  take  tlie  average  of  tlie 
fixed  engines,  in  like  manner,  we  will  find  that,  in 
point  of  economy,  there  is  Httle  difference  between  the 
two  modes. 

When,  however,  we  consider  that  a  system  of  fixed 
engines,  precludes  the  conveyance  of  passengers,  it  is, 
therefore,  almost  unnecessary  to  say  that  it  is  quite  in- 
applicable to  public  railways ;  and,  consequently,  the 
comparison  can  only  exist  upon  private  railways,  where 
passengers  cannot  be  conveyed. 

We  may,  likewise,  place  these  systems,  in  contrast 
with  each  other,  in  the  charges  made  for  conveying 
coals,  where  botli  of  them  are  in  use.  In  Chap.  IX., 
§  4,  Art.  8,  we  have  given  the  cost  of  conveying  coals, 
by  locomotive  engines,  upon  the  Stanhope  and  Tyne, 
and  other  railways  in  the  North  of  England.  We  have 
been  favoured  with  the  cost  of  conveying  coals  along 
the  Durham  and  Sunderland  railway,  which  is  entirely 
worked  by  fixed  engines.  In  (note  R,  Appendix),  we 
have  given  a  section  of  this  railway.  The  charges  for 
conveying  coals,  not  including  finding  waggons,  or 
filling  the  coals  into  the  waggons,  but  including  every 
other  expense  of  ti'ansit,  is  3d.  per  chaldron,  per  mile, 
for  conveyance,  and  3d.  per  chaldron  for  emptying  the 
coals  into  the  vessels  at  the  shipping  places.  Each 
chaldron  consists  of  53  cwt. ;  therefore,  the  cost  of  con- 
veyance, or  haulage,  is  V13d.  per  ton,  per  mile,  which 
is  precisely  the  same  as  the  charges  for  locomotive  power 
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upon  the  Stanhope  and  Tyne  railway ;  the  charges  upon 
the  Clarence  railway,  with  locomotive  engines,  being 
•875rf.  per  ton  per  mile. 

We  see,  therefore,  that  where  economy  of  transit  is 
the  only  object,  and  especially  upon  lines  of  railway 
exclusively  employed  for  the  conveyance  of  minerals ; 
there  is  no  very  great  difference  between  locomotive 
power,  and  fixed  engines ;  except  that  the  employment 
of  the  latter,  as  the  motive  power,  precludes  the  con- 
veyance of  passengers,  as  a  source  of  revenue. 
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TURNPIKE  ROADS. 


The  resistance  of  carriages  upon  turnpike  or  common 
roads  has,  of  late  years,  been  very  much  diminished, 
by  covering  the'  surface  with  materials  broken  into 
smaller  pieces  than  formerly,  thereby  forming  a  much 
smoother  surface  ;  and  experience  has  shewn  that  such 
a  surface  is  much  more  easily  kept  in  repair,  than  the 
rough  uneven  roads  previously  in  existence.  The 
public  are  indebted  to  Mr.  M^^Adam,  for  the  introduc- 
tion of  this  system,  of  breaking  the  stones  smaller  than 
they  had  previously  been  done ;  but  the  late  Mr.  Telford, 
who  was  engineer  to  government,  in  forming  and  im- 
proving  the  Holyhead  line  of  road,  has  contributed 
more  largely  than  any  other  person  to  our  stock  of  in- 
formation on  road  mdcing,  and  the  principles  requisite 
for  their  construction,  and  which  may  be  all  summed 
up  in  one  simple  rule,  viz.  ^*  that  a  good  foundation  is 
the  first  requisite.*' 

It  is  not,  however,  our  intention  to  enter  into  either 
the  principles  or  practice  of  road  making  ;  the  reader, 
who  is  desirous  of  doing  so,  will  obtain  all  the  requisite 
information  by  consulting  Sir  H.  Pamell's  work  on  this 
particular  subject,  and  the  reports  of  Mr.  Telford  on 
the  Holyhead  line  of  road.  Our  object  being,  to  pre- 
sent to  the  reader  such  facts,  as  will  shew  the  resistance 
of  the  carriages,  and  cost  of  conveyance  upon  turnpike 
roads;  and  to  compare  their  capabilities,  with  other 
modes  of  internal  communication. 

T    T 
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§  1 . — Experiments  on  the  Resistance  of  Turnpike 

Roads. 

We  shall,  therefore,  at  once,  proceed  to  give  the 
result  of  some  experiments  made  to  ascertain  the  re- 
sistance upon  turnpike  roads,  extracted  from  the  reports 
of  the  Holyhead  Road  Commissioners. 

The  following  table,  shewing  the  number  of  pounds 
requisite  to  drag  a  waggon  of  the  weight  of  21  cwt,  8  lbs. 
kt  the  rate  of  two  miles  and  a  half  an  hour,  has  been 
Extracted  from  the  Seventh  Report  of  the  Holyhead 
Road  Commissioners. 
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The  preceding  table,  it  is  stated,  "  was  not  intended 
for  any  thing  further  than  to  get  practical  results,  the 
description  of  which  could  be  easily  understc>od  by  road 
surveyors  and  their  assistants,  and  even  by  men  in  the 
habit  of  driving  coaches ;  it  could  not  be  expected 
that  experiments  made  with  a  large  unwieldy  waggon, 
mounted  with  common  axletrees,  besmeared  with  tar, 
could  furnish  result  on  which  to  found  a  refined 
mathematical  calculation/* 

From  the  above  table,  we  find,  that  the  average 
resistance  of  a  waggon,  weighing  21  cwt  8  lbs.,  upon  a 
level  road,  is  77  lbs.,  or  equal  to  73  lbs.  per  ton. 

We  give,  likewise,  the  following  extract  from  Mr.  Tel- 
ford's report  on  the  state  of  the  Holyhead  and  Liverpool 
roads. 

"  Being  authorized  by  the  commissioners  to  have  the 
machine  invented  by  my  assistant,  Mr.  M*Neil,  (for 
measuring  the  force  of  traction,  or  the  labour  of  horses 
in  dravdng  carriages,)  completed,  and  also  to  have  the 
several  districts  of  the  Holyhead  road  in  England  tried 
by  it ;  Mr.  M*Neil  has  done  so,  and  prepared  a  state- 
ment, shewing  the  results  of  the  trials  between  London 
and  Shrewsbury,  a  distance  of  153^  miles.' 

"  The  general  results  of  these  experiments,  on  diffe- 
rent sorts  of  roads,  are  as  follow  ;  the  resistance  being 
for  one  ton  weight 

"  1.  On  well  made  pavement,  the  draught  is  SS  lbs. 

'<  2.  On  a  broken  stone  surface,  on  old  flint  road,  65  lbs. 

"  3.  On  a  gravel  road,  147  lbs. 

"  4.  On  a  broken  stone  roadj  upon  a  rough  pavement 
foundation,  46  lbs. 

'*  5.  On  a  broken  stone  suriace,  upon  a  bottoming  of 
concrete,  formed  of  Parker's  cement  and  gravel,  46  lbs.** 

The  following  experiments,  given  in  Sir  H.  Pamell's 
work  on  roads,  were  made  by  Mr.  M*Neil,  to  determine 
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'the  resistance  of  carriages  due  to  the  axle,  and  the 
wheels  upon  common  roads. 

**  1st  Half  a  ton  of  stone  was  put  in  a  waggon 
(weighing  10  cwt.),  as  nearly  as  possible  in  the  centre 
"between  each  axletree;  the  waggon  was  then  drawn 
x)ver  a  timber  platform,  perfectly  horizontal,  by  waghte 
suspended  from  a  line  ;  to  effect  this  it  required  50^  lbs. 

**  2d.  A  ton  of  stone  was  placed  in  the  waggon,  half 
a  ton  over  each  axletree ;  and  the  power  required  to 
drag  the  waggon,  over  the  same  surface,  was  70  lbs. 

**  3d.  A  ton  and  a  half  of  stone  was  placed  in  th^ 
waggon,  and  distributed  equally  over  each  axletree; 
the  weight  or  power  required  to  drag  the  waggon  was 
then  found  to  be  90  lbs/' 

The  resistances  arising  from  the  friction  of  the  axle- 
trees,  in  the  above  experiments,  were  then  calculated 
for  each  wheel,  and  the  total  resistance,  arising  from  the 
axles  thus  determined,  was  subtracted  from  the  draught 
or  power  found  by  experiment,  as  requisite  to  draw  the 
waggon  i  die  difference  gave  the  resistance  of  the 
surface,  caused  by  the  penetration  of  the  wheels  into 
the  timber  surface. 

The  results  of  these  experiments,  are  given  in  the 
fbUowing  table. 

Table  IL 


Weight 

of  waggon 

and  Joad 

inlbik 

-1 

Power 
required 
to  drag 

of  the  axles. 

Reaiitance 
of  the  surface. 

• 

lbs. 
2240 

2800 

S360 

3920 

lbs. 

sro 

52*0 
70-0 
910 

lbs. 

lbs. 
7-4 

22'5 

• 

34-6 
49 '7 
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By  ft  considerably  uumber  of  experimeut3»  %i^ith  the 
same  waggon,  on  roads  of  different  kinds,  the  draught 
was  found  to  agree  very  nearly  with  the  results  cal- 

culated  from  the  empirical  formula,  P=^+^+t,; 

in  which  wsthe  weight  of  the  waggon,  Wf  the  load; 

09  a  constant  number,  which  will  depend  on  the  aur&oe, 

over  which  the  waggon  is  drawn  j  and  v,  the  velocity 

in  feet  per  second.     By  putting  v»S*7»  which  was  the 

velocity  used  in  the  foregoing  experiments,  the  constant 

number  for  a  timber  sur&ce  was  determined,  and  found 

4q  be  equal  to  S. 

For  other  sur&ces,  the  value  of  c  may  be  taken  as 
follows : 

On  a  payed  road        -        -        -         -  '•2 

On  ^  wdl  made  broken  stone  road,  in  a  dry 

and  clean  state       -  -  -  -      ^ 

On  a  well  made  broken  stone  road,  covered 

with  dust    -    .       -  -  -  -      8 

On  a  well  made  broken  stone  road,  wet  and 

muddy        -  -  •  -  -     10 

On  a  gravel  or  flint  road,  in  a  dry  clean  state  13 
On  a  gravel  or  flint  road,  in  a  wet  muddy 

state        ---...-.    32 

On  an  inclined  plane,  the  above  formula  becomes 
w¥w    to  hw-^-Wj 

93 

and  p=  —  + he  T  .     ^    for  a  stage  coach. 

100      40        /        1  ^ 

We  find,  therefore,  that  the  resistance  of  carriages, 
upon  common  or  turnpike  roads,  cannot  be  estimated  at 
less  than  72  lbs.  per  toil. 


P=:  ^J^'^^'^v+-^'^  Y^fov  a  common  stage  waggon  ( 
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§  ^^-—Cost  of  convening  Goods  and  Passengerfi^  <m 

Turnpike  Roads. 

We  may  divide  the  tr^sit  upon  turnpike  roads,  into 
three  descriptions  (  viz.  first*  heavy  waggons,  for  the 
conveyance  of  bulky  or  heavy  articles ;  second,  light 
vans  or  carts,  for  the  conveyance  of  light  goods ;  andt 
third,  coaches  for  the  conveyance  of  passaigers. 

Heavy  stage  waggons  are  of  various  weights,  accord* 
ing  to  the  number  of  horses  employed,  and  the  rate  of 
travelling  is  about  2  to  2^  miles  an  hour.  The  cost 
of  conveyance  by  this  mode  of  transport  is  7d.  to 
9d.  per  ton  per  mile;  the  average  being  86^.  per 
ton  per  mile,  at  the  rate  of  2^  miles  an  hour ;  the 
cost  of  haulage,  or  finding  horses,  being  about  3d.  per 
ton  per  mile. 

The  light  vans,  or  carriers*  carts,  travel  at  the  rate  of 
3  to  4  miles  an  hour,  and  the  charges  for  conveying 
light  goods  will  average  about  Is.  per  ton  per  mile,  at 
the  rate  of  four  miles  an  hour.  The  cost  of  haulage, 
or  finding  horses  and  drivers,  being  about  i^id.  per  ton 
per  mile. 

The  general  rate  of  coach  travelling  is  eight  to  nine 
miles  an  hour,  according  to  the  evidence  of  Mr.  McNeil, 
before  a  committee  of  the  house  of  commons.  It  ap- 
pears, that  the  weight  of  a  four-horse  stage  coach  varies 
from  15  cwt.  3  qrs.  to  18  cwt.,  and  that  these  coaches 
frequently  carry  upwards  of  two  tons  of  passengers  and 
luggage  ;  we  may,  however,  assume,  that  ten  passengers, 
which,  including  luggage,  weigh  30  cwt.,  are  the  more 
general  average  of  the  weight  carried  by  these  coaches. 
We  find,  by  the  document  of  the  coach  proprietors, 
(Note  D.  Appendix),  that  the  entire  cost  of  work- 
ing i2304  miles  for  312  days,  including  duty  and  coach- 
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men,  is  64,602/.  135.  4rf. ;  or  2-2rf.  per  passenger,  per 
mile,  or  reckoning  SO  cwt.  on  the  average  of  each  trip, 
about  15d.  per  ton,  per  mile.  The  cost  of  haulage 
alone,  exclusive  of  drivers,  is  nearly  lOrf.  per  ton,  per 
mile  ;  and  the  charges  are  from  3d.  to  4fd.  per  passenger, 
per  mile ;  we  shall,  therefore,  assume  the  cost  to  be 
Sd.  per  passenger,  per  mile,  conveyed  at  the  rate  of 
nine  miles  an  hour,  which  will  be  equal  to  about  Ss. 
per  ton,  per  mile. 

The  following  table  will,  therefore,  shew  the  cost 
of  conveying  goods,  and  passengers  on  turnpike 
roads. 

Table  III. 


Description 
of  carriage. 


Stage  waggon 
Van  or  light  cart 
Stage  coach 


Rate  of 

travelling 

in  miles 

per  hour. 


•2J 
9 


Resist- 
ance per 
ton  on 
a  level. 


lbs. 
73 
73 
83 


Cost  of 

haulage 

per  ton 

per  mile. 


d. 
3 

10 


Cost  of 


8d,  per  ton  per  mile. 
I2d,  per  ton  per  mile. 
SA  per  passenger  per  mile. 
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CHAPTER  XII. 
ON  CANALS. 

1  HE  immense  capital  embarked  in  canals^  renders  it  a 
subject  of  very  great  importance,  to  determine  their 
relative  utility  with  railroads,  in  the  transit  of  goods 
from  one  place  to  another.  We  shall,  therefore,  in  th6 
first  place,  endeavour  to  ascertain  the  power  required  to 
convey  goods  on  canals,  at  different  rates  of  velocity ; 
and  then,  from  such  information  as  we  have  obtained, 
determine  the  actual  cost  of  conveying  goods  and  pas* 
sengers,  upon  this  description  of  internal  communica- 
tion. After  which  we  shall  compare  these  with  the 
resistance,  to  the  motive  power  on  railways,  and  with 
the  cost  of  conveyance,  by  that  mode  of  transport 

Not  having  an  opportunity,  from  our  own  personal 
observation,  of  ascertaining,  with  sufficient  accuracy, 
the  weights  which  a  horse  can  drag  in  a  boat  upon  a 
canal;  we  shall  be  obliged  to  have  recourse  to  the 
reports  of  those  engineers,  whose  practice  in  that 
line  has  enabled  them  to  obtain  the  necessary  data. 

§  1. — Experiments  on  the  Resistance  of  heavy 

Boats. 

Mn  R.  Stevenson,  of  Edinburgh,  in  his  report  on 
the  Edinburgh  railway,  in  1818,  states,  "upon  the  canals 
in  England,  a  boat  of  thirty  tons  burden  is,  generally, 
tracked  by  one  horse,  and  navigated  by  two  men  and  a 
boy ;  on  a  level  railway  it  may  be  concluded,  that  a 
good  horse,  managed  by  a  man  or  lad,  will  work  with 
eight  tons.  At  this  rate,  the  work  performed  on  a  rail- 
way  by  one  man  and  a  horse,  is  more  than  in  proportion 
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of  one  third  of  the  work  done  upon  the  canal,  by  three 
persons  and  a  horse  ;  "  and  Mr.  Stevenson,  in  his  cal- 
culations, afterwards,  assumes  the  power  of  a  horse  upon 
a  good  railway  equal  to  tai  tons. 

Mr.  Sylvester,  in  his  report  pn  the  Liverpool  and 
Manchester  railway,  gives  twenty  tons  as  the  perform.- 
ance  of  a  horse  upon  a  canal,  travelling  at  the  rate  of 
two  miles  an  hour. 

The  variation  between  these  two  statements,  may 
have  arisen  from  the  observations  being  made  on  canals 
of  different  widths.  Mr.  Stevenson,  in  another  report, 
states,  that  the  striking  difference  between  the  draught 
of  horses,  on  coming  out  of  a  narrow  canal  into  a  more 
capacious  one,  induced  the  reporter  to  give  the  subject 
particular  attention ;  and  by  means  of  experiments 
made  with  the  dynamometer,  so  far  as  he  had  an  oppor- 
tunity of  carrying  the  experiments  into  eflfect,  the 
difference  appeared  to  be  at  least  one  fi&h  in  favour  of 
the  great  canal. 

We  have  been  favoured  by  Mr.  Bevan  with  some 
experiments  and  observations  on  the  force  of  traction, 
with  different  loads  and  velocities,  on  canals. 

In  these  experiments,  the  resistance  was  ascertained 
by  a  spring  dynamometer,  attached  to  the  towing-rope. 
The  length  of  the  boat  was  69*5  feet,  breadth  6*92  feet 
The  correct  transverse  section  of  the  canal  was  not 
obtained,  but  was  from  90  to  100  feet;  the  immersed 
part  of  the  boat  being  about  nineteen  feet,  or  one  fifth 
of  the  channeL 

The  force  of  traction,  required  to  move  this  boat, 
loaded  witli  23*77  tons,  at  a  mean  velocity  of  2-45  miles 
an  hour,  was,  on  an  average,  of  fif)y-four  observations, 
79'5  lbs.,  which  is  equal  to  three  pounds  and  a  half  per 
ton  of  useful  load.  With  this  load,  Mr.  Bevan  remarks, 
one  horse  generally  travelled  twenty-six  miles  and  a  haif 
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a  daj ;  which  would  give  the  effect  of  a  hor^,  SI 06  lbs. 
moved  one  mile  per  day. 

The  same  gentleman  has  also  favoured  us  with  the 
following  experiments,  made  on  the  Grand  Junction 
amal  at  Faddington  : — 

Transverse  section  of  canal        -         -     142  feet 
Loaded  boat        ....      ly-g  feet 

A  weight  of  7^  Ibs.^  acting  over  a  pulley,  drew  the 
empty  boat  at  the  rate  of  3-45  miles  an  hour* 

A  weight  of  77  lbs.,  acting  in  a  similar  way  produced 
a  medium  velocity  of  2*5  miles  an  hour,  when  the  boat 
was  loaded  with  twenty-one  tons  of  cast  iron.  And  all 
circumstances  the  same  as  in  the  last  experiment,  it 
required  a  weight  of  308  lbs.  to  produce  a  mean  velocity 
of  3*83  miles  an  hour. 

Mr.  Bevan  adds,  "  the  length  of  the  towing-line  may 
be  considered  ninety-eight  feet,  and  the  mean  distance  of 
the  boat  from  the  towing  path  twenty  feet.**  From  this! 
experiment,  considering  that  the  canal  in  that  part  wad 
of  greater  area  than  it  is  upon  an  average,  it  may  be  in-* 
ferred,  that  to  maintain  a  velocity  of  four  miles  an  hour^ 
with  a  loaded  boat,  it  would  require  the  aid  of  four 
horses,  provided  the  safety  of  the  banks  would  allow ; 
but,  as  the  canal  is  now  formed,  it  would  not  be 
capable  of  withstanding  the  waste  produced  by  such  a 
velocity. 

Mr.  Chapman,  (Canal  Navigation,  page  73,)  states^ 
that  he  observed  a  boat,  eight  feet  width  of  floor,  ten 
feet  width  of  water  line,  fifty  feet  extreme  lengthy 
loaded  with  fourteen  tons,  and  drawing  2*25  feet  water, 
dragged  against  a  stream,  the  velocity  of  which  was  five 
miles  and  a  half  an  hour,  with  twenty-eight  trackers, 
and  three  men  in  the  boat,  pulling  it  on,  and  yet  it 
did  not  advance  more  than  a  quarter  of  ^  mile  an 
hour. 
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.  Mr.  Smeaton's  estimate  was  twenty-two  tons  burtfa^,^ 
from  two  to  two  miles  and  a  half  an  hour,  with  one 
horse. 

Mr.  James  Walker,  of  London,  made  some  expe* 
riments  in  the  London  Docks,  on  the  relative  resist- 
ances, at  different  velocities,  the  result  of  which  he 
communicated  to  the  Royal  Society,  (May  Slst  1827i) 
which  being  very  conclusive,  and  conducted  with  great 
care,  we  give  an  abstract  of  them.    (Note  S.  Appendix.) 

The  result  of  these  experiments  was,  that  the  resist- 
ance increased  in  a  greater  proportion,  than  the  duplicate 
ratio  of  the  velocities.  The  respective  resistances  being 
as  follow : 

Table  L 


Velocity 
in  miles  an  hour. 

Observed 
resistance,  in  lbs. 

• 

Resistance  calculated 

in  duplicate 
ratio  of  the  Telocity. 

2-529 
4'529 
3*871 

9-41 
42  59 
28*07 

Standard. 
S8-11 
22  07 

Mr.  Palmer  gives,  in  the  first  volume  of  the  Trans- 
actions of  the  Civil  Engineers,  an  account  of  experiments 
made  on  the  resistance  of  canal  boats  in  different  canals^ 
and  dragged  at  different  velocities,  which  having  been 
Conducted  on  a  large  scale,  are  valuable.  The  following 
Table  shews  the  result  of  these  experiments. 
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No.  1 .  experiment  was  made  with  the  packet  boat 
used  to  convey  passengers  between  Liverpool  and 
Manchester,  and  which  is  usually  towed  at  the  rate 
of  5j  miles  an  hour.  Nos.  5,  6,  7>  and  8,  were  made 
on  the  EUesmere  canal,  with  a  boat  built  for  the 
purpose,  and  which  was  of  the  same  length  as  those 
commonly  used,  but  exactly  half  their  width.  Nos.  9, 
10,  11,  12,  and  13,  were  made  with  one  of  the  ordinary 
canal  barges.  Nos.  14,  15,  and  16,  were  made  with  twa 
boats  joined  together,  end  to  end,  and  the  curves  to 
the  head  of  one^  and  the  stern  of  the  other,  so 
planked  over  as  to  form  one  boat,  of  double  the 
ordinary  length. 

No.  17>  having  been  made  by  Mr.  Be  van,  Mr.  Palmer 
states,  he  has  no  other  information  relating  to  it,  thaa 
the  facts  as  given  in  the  table. 

Nos.  18,  19»  20,  and  21,  were  tried  under  circum- 
stances as  favourably  as  are  usually  met  with;  the 
effect  of  the  wind  was,  however,  very  apparent. 

These  experiments  were  submitted  to  Professor 
Barlow,  who,  after  remarking  upon  the  difference  of 
opinion,  previously  existing  on  the  subject,  reports  as 
follows :— "  It  will  appear,  however,  fiom  the  following 
investigations,  that,  in  the  case  of  loaded  canal  boats, 
the  resistance  varies  in  a  still  higher  ratio,  viz^  as  the 
cube  of  the  velocity,  very  nearly,  if  not  exactly.  In 
order  to  make  this  comparison,  it  is  only  necessary 
to  proceed  as  below,  by  saying, 

v"*  :t?"::F:/ 

using,  for  v,  v,  f,  f,  the  actual  velocity,  and  moving 
powers  employed. 

**  From  this  proportion,  is  very  easily  obtained  the 

theorem  m = ^-^iilZ-J^Si /_  ^  and  employing  in  this, 
the  velocities  and  forces  given  in  the  first  four  ex- 
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periments,    there  are  obtained  the  following   results, 
comparing  the  experiment, 

1  to  3       -        -  -    m=:S-2 

1  to  4     -  -  -    m=t2*7 

2  to  3            -  -     7n^3*0 
2  to  4             -  .     m=2*6 

Mean  value  of  wi=2*9»  or  3  nearly. 

•*  By  comparing  experiments  7  and  8,  which  are  made 
under  like  circumstances,  and  on  the  same  boat,  we 
find  ms: 3*2  ;  and,  in  the  same  way,  experiments  IJimd 
18,  give  nearly  the  same  result,  viz.  m=3-0,  the  general 
mean  being  msS'O. 

**  It  is  clear,  therefore,  that,  whatever  may  be  the 
deduction  from  theory,  the  actual  resistance  of  canal 
boats  varies  very  nearly  as  the  cubes  of  the  velocities ; 
and  by  adopting  this  law,  the  velocities  due  to  any 
force  and  load  may  be  computed,  from  the  velocity  and 
resistance  in  any  other  case  being  given.*' 

"  As  it  will  be  seen,  by  the  experiments  on  the 
different  railways,  tliat,  at  a  mean,  1  lb.  will  drag  along 
180  lbs,  and  that  a  power  of  1  to  200  is  the  greatest 
that  tlie  most  perfect  railway  can  ever  be  expected 
to  attain,  I  have  computed  what  velocity  is  attainable 
on  a  canal,  answering  to  those  two  cases,  namely,  when 
the  moving  force  is  T47rth  part  of  the  whole  load  moved. 
These  results  are  given  in  the  following  table,  omitting 
those  made  on  empty  boats  and  sea-going  barges/' 
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^*  It  is  clear  therefore,  that  on  a  canal,  where  the 
moving  power  is  ^^th  of  the  whole  load,  mduding 
the  barge,  it  may  be  taken  forward  at  the  rate  of  4^ 
miles  per  hour.  It  is  easy  also,  from  what  has  now 
been  stated,  to  compute  the  power  on  a  canal,  at 
different  velocities ;  for  example/' 

Table  IV. 


Rate  of 

velocity,  in  miles 

per  hour. 


Number  of  lbs. 
which  1  lb.  will 
drag  on  A  canaL 


200 
24S 
299 
873 
474 
615 
819 
1124 
1600 


m 
lbs.  per  ton. 


11*20 
922 
7*50 
600 
4-73 
8*64 
2-73 
200 
140 


I 


These  experiments  were  made  upon  boats  moving  at 
dow  rates  of  velocity,  recently,  extraordinary  efforts 
have  been  made  to  apply  canal  boats  to  convey  pas- 
sengers at  a  high  rate  of  velocity,  and  the  most 
surprising  results  have  been  put  forth  by  the  friends 
of  canal  navigation,  on  the  diminution  of  resistance 
after  these  boats  attained  a  certain  rate  of  speed ;  until 
lately,  however,  no  experiments  were  made  to  satisfy 
the  public  upon  this  point,  and  the  results  being  quite 
at  variance  with  the  generally  received  opinions  of  the 
law  of  resistance  of  fluids,  to  bodies  moving  in  them, 
it  became  necessary  that  experiments  should  be  made, 
to  set  the  question  at  rest.  Robert  Grahame,  Esq.,  one 
of  the  proprietors  of  the  Forth  and  Clyde  canal,  and  one 
of  the  most  strenuous  and  active  promoters  of  the  use  of 
swift  boats  on  canals,  and  to  whose  active  exertions  the 
pubUc  are  indebted  to  the  application  of  the  system,  at 
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rates  of  velocity  previously  deemed  impracticable,  has 
been  mainly  instrumental  to  the  developement  of  the 
hitherto  unknown  laws  of  resistance  to  the  motion  of 
bodies  moving,  at  high  rates  of  velocities,  on  canals. 

§  2. — Experiments  on  the  Resistance  of  swift  Boats  on 

Canals, 

The  public  being  so  extremely  sceptical  on  the 
conclusions  put  forth  by  the  canal  propriet;ors,  the 
committee  of  management  of  the  Forth  and  Clyde 
canal,  at  length  determined  to  institute  a  set  of  expe- 
riments on  the  boats  in  actual  use ;  and  upon  such  a 
scale  as  to  be  entirely  free  from  objections,  and  which 
should  be  so  conducted  as  to  determine  accurately  the 
amount  of  resistance,  at  all  the  different  rates  of  velocity, 
capable  of  being  attained  in  practice  by  the  mast 
improved  boats. 

Mr.  McNeil  was  employed  to  conduct  these  expe- 
riments, and  it  is  only  doing  him  justice  to  say,  that 
they  appear  to  have  been  conducted  in  a  very  masterly 
manner,  and  to  be  quite  conclusive,  as  to  their  accuracy. 
The  particulars  of  these  experiments  are  given  in  the 
first  volume  of  the  transactions  of  the  civil  engineers, 
to  which  work  we  would  refer  the  reader,  desirous  of 
obtaining  mpre  complete  information  on  the  subject 

As  the  question  is  of  infinite  importance  to  the 
economy  of  internal  communication,  we  have  taken 
from  these  experiments  an  abstract  of  the  results, 
arranged  so  as  to  shew  the  resistance  at  three  several 
rates  of  q;>eed ;  viz.,  as  nearly  as  could  be  obtained,  at 
four,  eight,  and  the  maximum  rate,  or  at  about  ten,  miles 
an  hour  respectively;  and  have  given  the  resistances 
at  those  rates  of  speed,  with  the  different  boats  upon 
which  the  experiments  were  made,  the  boats  being 
loaded  with  different  weights  in  each  experiment. 
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There  is  a  difference  in  the  weight  and  shape  of  these 
boats,  as  will  be  seen  on  examining  their  dimensions, 
which  may  effect  the  relative  result  of  each  form  of  boat  j 
but  for  the  purpose  of  giving  a  general  expression, 
for  the  resistance  at  different  velocities,  we  have  classed 
the  entire  resistances  under  the  three  rates  of  velocities 
given  in  the  preceding  tables,  and  have  taken  the 
average  weight  of  the  boats. 

The  following  Tables  will  therefore  shew  the  average 
resistances  of  canal  boats,  dragged  at  the  different  rates 
of  velocities,  corresponding  as  nearly  as  possible,  with 
the  rate  of  speed  adopted  for  horse  power  on  railroads. 
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From  these  experiments,  we  find  the  following  result 
of  the  resistances  of  boats  moved  at  different  rates  of 
velocities  on  canals ;  taking  the  maximum^  and  minimum 
load,  with  which  the  boats  were  loaded  during  the  expe- 
riment3. 

Table  XVI. 


Velocities, 
ia  milfit 
per  hour. 

Common 
boats. 

Improred  boats. 

Reastance, 
in  lbs. 
per  ton. 

Mauinuin  load. 

If  Minmni  load. 

Ayeragekad. 

Resiatance, 
in  Iba  per  ton. 

Resistance, 
in  lbs.  per  ton. 

Resistance, 
in  lbs,  per  ton. 

2i 

4 
8} 
lOj 

273 
7-07 

7-4. 
49'8 
56-8 

13-1 
74^*9 
93*8 

920 
56'53 
72-45 

The  above  table  shews  the  resistance  per  ton,  in- 
cluding the  weight  of  the  boat ;  we  must,  therefore,  in 
order  to  ascertain  the  comparative  cost  of  traction  be- 
tween canals  and  other  species  of  transport,  determine 
the  useful  load  generally  taken  with  boats  travelling  at 
the  different  rates  of  speed  above  enumerated. 

The  heavy  canal  boats,  which  are  dragged  at  the 
rate  of  two  miles  and  a  half  an  hour,  and  which  cariy 
twenty  or  twenty-one  tons  of  goods,  weigh  six  tons  and 
a  half;  and  boats  carrying  twenty-four  tons  of  goods, 
may  be  taken  at  nine  tons  weight }  these  will  give  the 
useful  load,  about  seventy-five  per  cent,  of  the  gross 
load. 


COST    OF    CONVEYING    GOODS    AND    PASSENGERS.   673 

The  lightest  canal  boats  which  have  been,  for  any 
length  of  time,  in  use,  are  the  fly  boats,  employed  by 
Messrs.  Pickford,  and  other  carriers.  Previous  to  being 
launched,  these  boats  weigh  from  seven  to  seven  tons  and 
a  half,  and  they  carry  from  ten  to  fifteen  tons  of  goods  ; 
the  useful  load  being,  therefore,  about  sixty-five  per 
cent,  of  the  gross  load. 

The  swift  boats,  used  for  the  conveyance  of  passen- 
gers, weigh,  as  per  table  of  experiments,  about  three 
tons  ;  but,  more  recently,  these  boats  have  been  made 
lighter,  and  we  shall  take  them  at  two  tons  weight. 
They  carry  from  eighty  to  ninety  passengers  each, 
weighing,  with  luggage,  from  five  to  six  tons ;  the  use- 
ful load  may,  therefore,  be  stated  at  about  seventy-five 
per  cent,  of  the  gross  load. 


§  3. —  Cost  of  conveying  Goods  and  Passengers 

on  Canals. 

We  come  now  to  the  cost  of  conveying  goods  by 
canals,  at  the  different  rates  of  speed  above  enumerated, 
and  it  would  have  been  desirable,  in  order  to  place  the 
different  systems  of  transport  fully  before  the  reader,  to 
have  classed  the  expenses  of  canal  conveyance  under 
the  same  heads  as  those  used  in  estimating  the  cost  of 
turnpike  and  railroad ;  viz.  the  cost  of  haulage ;  the 
cost  of  boats ;  the  maintenance  of  the  canal ;  and  the 
general  expenses.  The  great  canal  supporter,  Mr.  Gra- 
hame,  in  his  publications  on  the  subject,  has  carefully 
abstained  from  entering  into  all  the  particulars  of  these 
expenses  of  canal  conveyance,  though,  from  his  connec- 
tions with  that  property,  he  must  be  fully  acquainted 
with  all  the  minutiae  of  such  expenses.  Not  being  pos- 
sessed of  that  information,  to  such  an  extent  as  we  couI4 
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wish,  we  prefer  leaving  the  subject  incomplete,  in  this 
respect,  rather  than  hazard  estimates,  which  might  not 
be  either  satisfactory  to  ourselves,  or  conclusive  to  the 
public.  We  shall,  therefore,  as  far  as  regards  canals^ 
generally,  confine  ourselves  to  such  of  these  items  as  we 
can  satisfactorily  establish,  and  shall  give  the  charges 
on  some  of  the  canals  sufficiently  minute,  we  trust,  to 
place  them  in  contrast  with  other  modes  of  convey- 
ance. 

We  find  the  resistance  of  heavy  boats  on  canals 
2*73  lbs.  per  ton  gross,  at  two  miles  and  a  half  an  hour; 
we  have  taken  the  power  of  a  horse  at  125  lbs.,  and, 
therefore,  a  horse  would  drag  a  boat,  weighing  forty-five 
tons,  twenty  miles  a  day ;  or  900  tons,  one  mile  per  day, 
would  represent  his  performance.  Mr.  Bevan  states, 
that,  on  the  Grand  Junction  canal,  the  horses  usually 
travel  twenty-six  miles  a  day,  and  drag  a  boat,  contain- 
ing about  twenty-four  tons,  at  the  rate  of  2*45  miles  an 
hour ;  the  empty  boat  weighing  nine  tons,  the  gross 
load  being  thirty- three  tons,  this  gives  the  performance 
=  858  tons,  one  mile  per  day.  Taking,  therefore, 
seventy-five  per  cent,  as  the  useful  load  in  the  former 
case,  and  twenty-four  tons  in  the  latter ;  we  have  the 
useful  load  equal  to  675,  and  624  tons  respectively ;  the 
average  being  650  tons,  conveyed  one  mile  in  a  day,  as 
the  useful  performance  of  a  horse,  dragging  heavy  boats 
on  a  canal,  at  the  rate  of  two  miles  and  a  half  an  hour. 
In  calculating  the  cost  of  conveyance  on  railways  we  esti* 
mated  the  expense  of  a  horse  and  driver  at  seven  shil- 
lings  per  day,  and  the  performance  280  tons,  conveyed 
one  mile,  or  -3  of  a  penny  per  ton,  per  mile  ;  adopting 
the  same  estimate  for  the  canal,  we  have  858  tons  con* 
veyed  one  mile,  for  seven  shillings,  or  nearly  one  tenth 
of  a  penny  per  ton,  per  mile  ;  or,  making  the  same  allow- 
ance as  in  the  case  of  railways,  we  have  the  cost  of 
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haulage  on  canals  as  equal  to  -ISS  of  a  penny  per  ton, 
per  mile. 

Mr.  Grahame  states,  that  the  contract  price  paid  by 
the  carrying  companies,  for  the  trackage  of  a  heavy 
goods  boat  along  the  Forth  and  Clyde,  and  the  Union 
canals  between  Edinburgh  and  Glasgow,  a  distance  of 
fifty-six  miles,  is  twenty-one  shillings. 

These  boats  carry  from  thirty  to  forty  tons,  and  the 
contract  time  is  eighteen  hours,  the  speed  being  a  little 
diminished  in  the  Union  canal.  The  former  canal  is 
sixty  feet  wide,  and  nine  feet  deep  ;  and  the  latter  forty 
feet  wide,  and  five  feet  deep.  The  price  paid  is  different 
on  the  two  canals ;  that  on  the  Forth  and  Clyde,  twenty- 
four  miles,  is  seven  shillings  ;  and  on  the  Union,  thirty- 
two  miles,  fourteen  shillings.  Supposing  the  boat  to 
carry  thirty  tons,  we  have  the  cost  of  haulage,  on  the 
Forth  and  Clyde  canal,  equal  to  -IS  of  the  penny  per  ton, 
per  mile  ;  and  on  the  Union  canal  'IS  of  a  penny  per 
ton  per  mile,  useful  load.  This,  however,  is  supposing 
the  boat  fully  loaded,  in  both  directions. 

The  entire  cost  of  conveyance  by  canals  varies  on 
almost  all  the  different  canals  in  the  country,  depend- 
ent, of  course,  upon  the  first  cost  of  formation  ;-and  the 
quantity  of  traffic  upon  each  of  them.  The  general  cost 
may  be  taken  at  about  two-pence  per  ton,  per  mile,  for 
goods  ;  coals,  and  other  heavy  minerals,  being  conveyed 
at  a  less  rate,  or  about  \\d.  per  ton,  per  mile.  On  the 
Merthyr  Tidvil  and  Cardiff  canal,  iron  is  conveyed  for 
l^rf.,  coal,  \\d.j  and  iron  ore,  Ifrf.  per  ton,  per  mile. 
The  cost  of  haulage  and  boat  here  is,  generally,  about 
nine-pence  to  eleven-pence  per  mile,  with  a  boat  carry- 
ing twenty  tons  of  goods,  and  returning  empty,  which 
is  about  \d.  per  ton,  per  mile.  If  this  is  generally 
correct,  and  we  take  'IS  of  a  penny  for  haulage,  we 
have  for  boat  hire,  steersman,  &c ,  'SS  of  a  penny  per 
ton,  per  mile ;  and,  for  the  general  expenses,  about  a 
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penny  per  ton,  per  mile.  Mr.  Graliame  cites  one  case^ 
of  the  canal  companies  charging  two  shillings  and  three- 
pence canal  dues,  for  thirty-one  miles  and  a  halfi  upon 
tlie  Union  canal  to  Edinburgh ;  which,  we  may  pre- 
sume, is  a  minimum  charge,  being  for  coals,  and  being 
in  competition  with  coals  brought  along  a  public  railway 
to  the  same  place.  This  would  give,  for  canal  dues,  'Sfti, 
haulage,  'ISe/.,  and  boat-hire,  &c.,  '32rf.,  altogether  1*36(/. 
per  ton,  per  mile  ;  which  is  equal  to  the  charge  for  con- 
veying iron  ore  on  the  Merthyr  Tidvil  canal. 

We  may,  therefore,  take  the  minimum  cost  of  con- 
veying  heavy  goods,  on  canals,  at  V36d.  per  ton,  per 
mile  J  and  minerals,  generally,  at  V5d.  per  ton,  per 
mile  ;  which  will  be,  for  the  gross  load,  assuming  the  use- 
ful load  to  be  seventy-five  per  cent.,  about  1*02^1  per 
ton  per  mile. 

With  the  fly  boats,  the  resistance  at  four  miles  an 
hour,  we  have  seen,  is  7*0?  lbs.  per  ton.  A  horse 
travelling  at  this  rate  of  speed,  will  only  exert  a  power 
equal  to  78  lbs. ;  consequently,  his  performance,  on 
a  canal,  will  be  220  tons  gross  conveyed  one  mile; 
or,  taking  sixty-five  per  cent,  as  the  useful  load,  the 
performance  will  be  143  tons,  conveyed  one  mile 
in  a  day,  as  the  useful  performance  of  a  horse, 
dragging  fly  boats  on  canals  at  the  rate  of  four  miles  an 
hour.  The  cost  of  haulage  of  this  kind  of  boat  is,  like- 
wise given,  by  the  canal  proprietors  on  the  Forth  and 
Clyde,  and  Union  canals,  between  Edinburgh  and 
Glasgow  ;  viz.,  fifteen  shillings  for  twenty-five  miles  on 
former  canal,  and  sixteen  shillings  for  thirty-two  miles 
on  the  latter,  for  finding  horses  and  drivers ;  the  dis» 
tance  of  fifty-seven  miles  being  performed  in  eleven 
hours.  These  boats  weigh  from  seven  to  seven  tons  and  a 
half,  and  are  said  to  be  fitted  to  stow  ten  tons  of 
measurable  goods,  and  afford  accommodation  to  forty 
passengers.   Taking  the  latter  at  fifteen  to  a  ton,  or 
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equal  to  three  tons,  the  cost  of  haulage,  per  ton,  per 
mile,  of  goods,  on  these  canals,  is  ^33  of  a  penny  per  ton, 
per  mile,  gross,  or  -5  of  a  penny  per  ton,  per  mile,  useful 
load,  at  an  average  rate  of  five  miles  an  hour.  The 
entire  cost  of  conveyance,  by  fly  boats,  is  about  S^rf. 
per  ton,  per  mile.  Mr.  Grahame  states,  that  the  outlay  of 
money,  expended  by  the  boat  owners,  in  carrying  goods 
by  these  boats,  is  about  five  shillings  and  sixpence  per 
ton  for  fifty-seven  miles,  or  about  ri6rf.  per  ton,  per 
mile.  Taking  the  cost  of  haulage  at  •5rf.  per  ton,  per 
mile,  we  have,  therefore,  the  cost  of  boats,  &c.,  about 
•66  of  a  penny  per  ton,  per  mile;  and  the  general 
expenses  charged,  2'34rf.  per  ton,  per  mile.  The  aggre- 
gate cost  being,  for  goods,  3^e/.  per  ton,  per  mile,  will 
be,  for  the  gross  load,  including  boat,  2'a75rf.  per  ton, 
per  mile. 

The  resistance  of  the  swift  boats,  at  the  rate  of  ten 
miles  an  hour,  is  54*12  lbs.  per  ton.  We  have  before 
noticed  the  extraordinary  performance  of  horses  drag- 
ging these  boats,  which  was,  that  two  horses  drag 
along  the  canal,  at  the  rate  of  nine  miles  an  hour,  on  the 
average,  a  boat  carrying  three  tons  of  useful  load,  and 
weighing,  altogether,  above  five  tons,  the  distance  they 
travel  being  eleven  miles.  This  will  give  a  gross  per- 
formance of  fifty-five  tons  conveyed  one  mile,  and  of 
useful  load  thirty- three  tons  conveyed  one  mile,  in  a 
day,  at  the  rate  of  firom  nine  to  ten  miles  an  hour. 
Upon  the  Carlisle  canal,  the  haulage  of  a  swift  boat  is 
contracted  for,  the  contractor  finding  horses  and  drivers; 
the  price  paid,  for  hauling  the  boat  twenty-four  miles,  is 
twenty-one  shillings,  which  is  equal  to  lO^d.  per  mile. 
Mr.  Grahame  states  the  cost  at  eleven-pence  per  mile. 
This  will  give  the  haulage  for  the  useful  load  about  S^rf. 
per  ton,  per  mile,  or  2^.  per  ton,  per  mile,  gross  load ; 
or,  if  forty  passengers  are  taken  in  the  boat,  at  a  time, 
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which  we  presume  will  be  the  utmost,  on  the  average, 
the  cost  of  haulage,  per  passenger,  per  mile,  will  be  *Q^5 
of  a  penny  for  each  passenger  per  mile.  The  charges, 
for  passengers,  from  Edinburgh  to  Glasgow,  is  six  shS- 
lings,  best  cabin,  and  four  shiUings  stowage  passengers ; 
or  1  '3d.  and  ^SSd.  per  passenger,  per  mile,  conveyed  at 
the  rate  of  nine  to  ten  miles  an  hour ;  and  upon  the 
Lancaster  and  Preston  canal  1  '26d.  and  *d4  of  a  penny 
per  passenger,  per  mile ;  the  average  being  about  1  'OSrf. 
per  passenger,  per  mile.  Reckoning  fifteen  passengers 
to  the  ton,  and  each  passenger  twenty-eight  pounds  of 
luggage,  the  charge,  per  ton,  per  mile,  will  be  13'Qd. 
useful  load,  or  about  ten-pence  per  ton,  per  mile,  gross, 
which  includes  haulage,  boat-hire,  and  general  expenses; 
and  as  the  cost  of  haulage  is  3^e/.,  the  general  expenses 
and  boat-hire  will  be  9*7^-  per  ton,  per  mile. 

The  following  Table  will,  therefore,  shew  the  result 
of  these  inquiries,  on  the  cost  of  conveying  goods  and 
passengers  on  canals. 

Table  XVII. 

Table  of  the  cost  of  conveying  goods,  and  passengers,  on  canals 

at  different  rates  of  speed. 
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We  have  not,  in  our  inquiries  on  the  capabilities  of 
canals,  as  a  mode  of  transport,  taken  into  consideration 
the  application  of  steam  as  a  motive  power ;  all  the 
attempts,  hitherto  made,  have  been  unsuccessful,  and 
have  not  yet  superseded  the  use  of  horse  power.  Until, 
therefore,  that  description  of  motive  power  has  been 
brought  into  such  a  state  of  perfection,  or  usefulness,  as 
to  be  equal  to,  or  more  beneficial  than,  the  present 
mode ;  we  did  not  think  any  inquiry  into  that  part  of 
the  subject,  in  this  work,  could  be  of  any  practical 
utility. 


X  X  4- 
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CHAPTER  XIII. 

COMPARISON  OF  DIFFERENT  MODES  OF  INTERNAL 

COMMUNICATION. 

§  !• — Railways  and  Turnpike  Roads. 

We  are  now  enabled  to  compare  the  relative  value  of 
railways,  with  common  turnpike  roads,  and  other  modes 
of  internal  communication.  Whilst  railways  were  in  a 
state  of  infancy,  and  their  powers  scarcely  developed, 
this  was  a  question  of  great  difficulty,  as  the  conclusions 
were,  necessarily,  almost  entirely  speculative,  dependent 
upon  the  results  of  improvements,  which  this  species  of 
transport  was  deemed  susceptible  of;  but  now  those 
improvements  have  attained  a  degree  of  perfection, 
which  enables  us  no  longer  to  present  to  the  reader 
conclusions  drawn  from  theory,  or  speculative  reasonings 
we  can  appeal  to  practice,  to  shew  the  value  of  railways^ 
as  a  means  of  inland  transport.  We  are  aware,  that,  in 
appealing  to  the  present  state  of  railways,  we  offer  them 
to  the  notice  of  the  public  under  disadvantageous 
circumstances.  We  can  only  appeal  to  existing  railways, 
which  have,  as  it  were,  created  this  species  of  transport, 
and  where,  it  will  at  once  strike  the  reader,  the  cost 
and  disadvantage  of  doing  so,  must  have  been  very 
considerable ;  subsequent  establishments,  profiting  by 
what  has  previously  been  done,  will  be  enabled  to 
commence  the  traffic  upon  their  lines,  under  very  much 
more  favourable  circumstances,  and  at  considerably  less 
cost.  In  comparing  railways  with  other  modes  of  in- 
ternal transport, — ^when  we  take,  as  a  basis  for  estimat- 
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ing  the  cost  of  working  the  former,  the  practical  result 
of  a  few  years,  we  do  not  present  the  compapison  at 
the  present  state  of  improvement,  which  those  works 
have  attained  ;  but  we  encumber  that  estimate  with  all 
the  cost  and  expense,  of  bringing  up  a  system,  from  a 
state  of  comparative  insignificance,  to  that  of  its  present 
perfection. 

When  the  Liverpool  and  Manchester  railway  was 
established,  it  was  made  one  of  the  stipulations,  at  the 
celebrated  contest,  that  none  of  the  engines  should 
weigh  more  than  five  tons,  and  that  the  rate  of  travelling 
should  not  be  less  than  ten  miles  an  hour.  We  now 
find,  the  very  engine  for  which  the  premium  was 
obtained,  discarded  as  useless,  and  doomed  to  drag 
coal  along  a  private  railway,  and  engines  employed  upon 
that  railway  weighing  upwards  of  twelve  tons,  while  the 
public  are  complaining  when  the  rate  of  travelling  is  less 
than  twenty  miles  an  hour. 

We  may  easily  imagine  the  revolutions  and  alterations, 
which  must  have  taken  place,  in  all  the  arrangements 
and  works  of  that  concern,  and  that  all  these  changes 
could  not  be  effected,  except  at  a  very  considerable 
sacrifice  of  capital,  labour,  and  cost.  The  public,  and, 
particularly,  new  railway  companies,  are  deeply  indebted 
to  the  Liverpool  and  Manchester  railway,  for  the  benefit 
which  they  have  derived  from  the  experience  upon  that 
great  work  ;  and  for  the  very  liberal  manner  in  which 
the  company  have  at  all  times  communicated  the  result 
of  their  labours  to  the  public,  or  allowed  others  to 
obtain  that  information,  such  liberality  entitles  them  to 
the  gratitude  of  all  the  promoters  of  that  system  of 
internal  communication. 

We  deem  the  foregoing  observations  necessary  to 
shew,  that,  in  the  comparison  of  other  modes  of  transport 
with  railways,  deduced  from  past  experience,  we  are 
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scarcely  acting  fairly  towards  the  system  of  railways ; 
for  there  cannot  be  the  slightest  doubt,  that  the 
system  is  capable  of  very  great  and  rapid  improve- 
ment, and,  therefore,  in  charging  the  expense  of  the 
cost  of  working  up  the  system  to  its  present  state  of 
perfection,  we  take  no  credit  for  such  improvements  as 
are,  almost  without  a  doubt,  likely  to  take  place  in  a 
very  short  period  of  time,  and  which  might  be  fairly 
brought  to  bear,  upon  a  comparison  with  other  long 
established  and  complete  systems  of  transit. 

We  must  not,  however,  conceal  from  ourselves,  and 
the  public,  that  the  accomplishment  of  all  these  im- 
provements has  entailed  upon  the  construction  and 
establishment  of  railways,  an  increase  of  capital,  to  a 
very  considerable  amount ;  railways,  which  might  be 
constructed  at  10,000/.  to  12,000/.  per  mile,  cannot  now 
be  properly  formed,  including  the  requisite  establishment 
for  carrying  on  the  traffic,  for  less  than  20,000/.  or  25,000/- 
a  mile.  For  it  is  now  indispensable,  that  all  the  railway 
companies  should,  likewise,  become  the  conductors  or 
carriers  of  all  the  traffic  upon  the  railways ;  and  the 
recent  order  of  Parliament,  that  no  public  road  shall 
be  crossed  upon  a  level,  has,  likewise,  increased  the  cost 
of  masonry,  to  a  very  great  amount. 

Art.  1. — Turnpike  Roads  and  RailwaySy  with 

Horses. 

The  three  descriptions  of  transit,  which  we  have  com- 
prised under  the  head  of  turnpike  roads,  are  waggons, 
with  heavy  goods,  travelling  at  the  rate  of  two,  and 
two  miles  and  a  half  an  hour ;  fly- vans,  or  carts,  with 
light  goods,  travelling  at  the  rate  of  four  miles  an  hour; 
and  coaches,  for  the  conveyance  of  passengers,  at  the 
rate  of  nine  miles  an  hour. 
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The  following  Table  will  shew  the  relative  quantity 
of  work,  which  a  horse  will  perform,  and  the  com- 
parative cost  of  conveying  goods,  upon  turnpike  roads 
and  railways. 

Table  I. 

Table  of  the  comparative  cost  of  conveyance  of  goods' 
and  passengers,  upon  turnpike  roads  and  railways, 
with  horses. 
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We  see,  therefore,  that,  for  every  description  of  traffic, 
whetlier  for  heavy,  light,  or  bulky  goods,  or  for  passen- 
gers, railways  present  a  system  of  transport  very 
much  cheaper  than  turnpike  roads,  even  when  horses 
are  employed  as  the  motive  power  j  and,  consequently, 
when  liie  two  come  in  competition  with  each  other,  all 
such  traffic  must  be  absorbed  by  the  railway.  We  shall 
now  give  the  relative  utility,  with  horses  on  common 
foads,  and  locomotive  engines  on  railways. 
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Art.  2. —  Turnpike  Roads,  and  Railwayg  with 

Locomotive  Engines. 

Table  II. 

Table  of  the  comparative  cost  of  conveyance  of  goods 
and  passengers,  upon  turnpike  roads,  with  horses, 
and  on  railways,  with  locomotive  engines. 
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On  r^ways,  with  horses  as  the  motive  power,  we 
find  the  cost,  of  conveying  heavy  goods,  at  two  miles  and 
a  half  an  hour,  is  one  fifth  only  of  the  cost  of  convey- 
ance by  horses  on  turnpike  roads  ;  with  light  goods,  the 
comparative  expense  is,  likewise,  about  one  to  five,  and, 
for  Uie  conveyance  of  passengers,  the  cost  of  haulage  is 
about  one  fourth,  the  comparative  resistance  being  one 
ninth  only.  The  difference,  between  the  relative  resist- 
ance and  the  charges,  for  the  conveyance  of  goods,  is 
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important  to  consider.  The  charges  are  not  the  mere  cost 
of  conveyance  only,  but  the  interest  of  capital,  for  the 
construction  of  the  road,  and  all  the  expenses  of  re- 
pairs, management,  &c. ;  and,  therefore,  in  the  case  of 
turnpike  roads,  we  have,  over  and  above  the  cost  of 
haulage,  to  add  the  expense  of  cart-hire,  &c.,  and  the 
tolls  for  keeping  up  the  roads.  In  the  cost  of  convey- 
ing  goods  by  railways,  we  have  similar  charges,  we  have, 
beyond  the  expense  of  haulage,  the  cost  of  finding  car* 
riages,  the  expense  of  maintenance  of  the  railway^ 
interest  of  capital,  and  other  expenses  of  management, 
poUce,  &c. ;  but  when  we  see,  that  the  cost  of  motive 
power  or  haulage,  on  turnpike  roads^  is  more  than  five 
times  the  cost  of  haulage  on  railways,  there  remains  a 
much  greater  surplus,  for  all  these  items  of  charge,  upon 
railways,  than  upon  turnpike  roads.  But  the  cost  of 
haulage  alone  on  turnpike  roads  is  greater  per  ton,  than 
the  entire  charges  upon  railways.  We  find,  therefore^ 
that  turnpike  roads  cannot  compete  with  railways,  even 
when  horses  are  employed  as  the  motive  power  on  the 
latter ;  and,  consequently,  all  the  traffic  of  passengers 
and  goods  upon  turnpike  roads  must  be  absorbed  by 
railways,  between  the  termini  when  the  two  come  in 
competition  with  each  other. 

But  when  we  compare  turnpike  roads  with  railways, 
where  locomotive  engines  are  used  as  the  motive  power 
upon  the  latter,  the  superiority  is  still  more  striking* 
With  heavy  goods,  we  find  the  haulage  on  railways  4^th 
the  cost  of  that  on  turnpike  roads,  and  at  more  than 
three  times  the  rate  of  speed.  I>ight  goods  are,  likewise, 
conveyed  at  -rth  of  the  cost  of  horse-hire  on  turnpike 
roads,  and  at  nearly  three  times  the  rate  of  speed  ;  and 
with  passengers  and  parcels,  the  cost  of  haulage  on 
railways  is  only  xVth  of  that  upon  turnpike  roads,  while 
the  rate  of  travelling  is  more  than  double* 
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The  conclusion  resulting  from  these  facts  is,  that,  iii 
every  case  where  existing  railways  and  turnpike  roads 
come  in  competition,  railways  will  absorb  all  the  traffic, 
whether  it  be  heavy  goods,  light  merchandize^  parcels, 
or  passengers.  If,  therefore,  a  railway  is  once  con- 
structed, the  company  may  safely  calculate  upon  being 
enabled  to  compete  successfully  with  the  turnpike  road 
carriers,  for  all  the  traffic  between  the  two  termini  of  the 
railway. 

,  There  is,  however,  a  limit  to  this,  which  must  not  be 
overlooked,  railways  commence  and  terminate  at  cer* 
tain  points,  to  deliver  goods,  parcels,  and  convey 
passengers  to  different  parts  of  the  town,  carts  and  car- 
riages  are  required ;  and  as  the  transferring  of  goods 
and  passengers  from  one  carriage  to  another  is  attended 
with  expense  and  delay,  the  saving  of  conveyance  by 
the  railway  may,  in  certain  cases,  where  the  distance  is 
not  great  between  the  two  places,  be  counterbalanced 
by  the  expense  and  inconvenience  of  transfer ;  and, 
therefore,  in  calculating  upon  the  traffic  which  will  be 
obtained  by  a  railway,  we  must  take  this  into  considera- 
tion. Upon  long  lines  of  railway,  where  the  saving  of 
transport  is  great,  the  issue  cannot  be  doubtful. 

§  2. —  Canals  and  Railways. 

.  We  now  have  to  compare  canals  and  railways,  as 
modes  of  transporting  goods  and  passengers,  from  one 
place  to  another.  The  immense  capital  embarked  in 
canals,  and  the  very  large  sums  in  course  of  expenditure 
upon  railways,  alike  render  the  subject  of  infinite  im- 
portance ;  for,  whether  the  result  be  in  favour  of  one 
system  or  the  other, — whether  railways  are  enabled  suc» 
cessfuljy  to  compete  with  canals,  in  the  conveyance  of 
all,  or  of  any  part  of  the  traffic,  which  is  now  exclusively 
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conveyed  by  canals,  or  which,  by  their  nature,  they  are 
peculiarly  adapted  to  convey, — it  is  alike  necessary,  that 
the  question  of  their  relative  capabilities  should  be  care- 
fully, impartially,  and,  if  possible,  conclusively,  deter- 
mined.    For   if  railways  present  a   mode    of  transit 
decidedly  superior,  more  economical,  and  more  expe- 
ditious, than  canals,  for  every  description  of  traffic,  then 
it  is  of  the  greatest  importance,  that  the  railway  specu- 
lator should  adapt  the  railway  for  the  conveyance  of  every 
kind  of  traffic  now  conveyed  by  canals  ;  but,  if  on  the 
contrary,  it  were  to  be  determined,  that  railways  can 
successfully  compete  with  canals  for  only  a  portion,  or 
only  for  some  descriptions  of  traffic,  then  it  is  of  equal, 
if  not  of  more,  importance,  that  the  line  of  demarcation 
should  be  drawn,  and  that  the  energies  and  capital  of 
railway  projectors  should  only  be  directed  to  that  de- 
scription of  traffic  which  legitimately  belongs  to  the 
system  they  promote: — that,  on  the  one  hand,  they 
should  not  be  expending  capital,  and  struggling  for  the 
acquisition  of  traffic  which  other  modes  of  transit  can 
convey  more  cheaply,  while,  on  the  other  hand,  the 
canal  proprietors  should  not  blindly  plunge  into  schemes 
for  the  retention  of  traffic,  which  they  have  not  the 
slightest  power  to  withhold  from  other  modes  of  transport. 
We  would  not,  however,  for  one  moment  have  it 
understood  that  these  observations  are  meant  to  check, 
or  cramp  the  energies,  of  the  promoters  of  either  one 
system  or  the  other.     Nothing  can  tend  more  to  de- 
velope  and  bring  into  prominence  all  the  powers  of  any 
system,  than  competition  with  its  rivals  ;  and,  therefore, 
both  railway  projectors  and  canal  proprietors,  are  equally 
indebted  to  the  exertions  of  their  respective  rivals  for 
the  developement  of  powers  arising  out  of  the  compe- 
tition of  one  system  with  the  other.    For  although  large, 
sums  of  money  may  be  spent  upon  schemes  of  unpro-. 
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ductive  competition,  yet  even  these  may  produce  usefiil 
results ;  as  such  a  state  of  jealousy,  watchfulness,  and 
active  competition,  between  one  system  and  the  other, 
however  it  may  operate  upon  the  pockets  of  the  respec- 
tive competitors,  will,  no  doubt,  be  attended  with  bene- 
ficial effects,  as  regards  the  public. 

We  might  illustrate  the  truth  of  these  remarks,  by 
the  instance  of  the  Liverpool  and  Manchester  railway. 
When  that  line  was  first  projected,  it  was  held  forth  to 
the  public,  that  almost  all  the  traffic  of  the  canals  would 
be  absorbed  by  the  railway,  and  very  lengthened  evi- 
dence, for  several  days,  was  brought  before  the  Com- 
mittee on  the  bill,  to  prove  that  this  result  would  be 
accomplished ;  and  all  this  was  deemed  necessary  to 
shew,  that  the  railway  projectors  would  realise  a  return 
for  their  capital  of  10/.  or  12/.  per  cent  Now,  what 
has  been  the  result  ?  The  traffic  on  the  canal  has  not 
been  materially  diminished,  and  the  railway  projectors 
are  receiving  a  return  of  10/.  per  cent,  upon  a  capital, 
many  times  the  amount  of  the  estimate  laid  before 
Parliament  I 

We  see  that  railways  do  not,  whether  they  can  or 
not,  is  the  question  we  are  about  to  inquire  into,  suc- 
cessfully compete  with  canals,  for  all  the  traffic  between 
the  two  termini  of  the  railways  ;  we  see,  also,  statements 
made  by  canal  promoters,  that  canals  can  successfully 
compete  with  railways  for  every  description  of  traflSc, — 
for  heavy  goods,  light  goods,  and  passengers ;  and  that 
railways  are  nothing  but  insane  schemes,  bubbles,  and 
an  entire  waste  of  capital ;  and,  yet,  we  see  millions  of 
money  either  expended,  or  in  the  course  of  being  ex- 
pended, on  railways,  notwithstanding  such  denunciations* 

We  need  scarcely,  therefore,  observe,  that  it  must  be 
of  infinite  importance  to  all  the  great  interests  con-^ 
cerned,  if  the  question  ^  to  the  relative  capabilities  of 
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of  the  two  systems  cannot  be  so  conclusively  determinedt 
as  to  be  no  longer  a  matter  of  doubt,  that  such  informa- 
tion should  be  laid  before  the  public,  as  the  capabilities 
of  the  two  modes  present ;  in  this,  however,  we  meet 
with  very  great  difficulties,  some  of  which  are  al- 
most insuperable.  In  the  first  place,  the  canal  system, 
which  has  been  slumbering  and  stationary,  ever  since 
its  first  introduction  into  England,  has  recently,  by  the 
competition  of  railways,  been  brought  into  great  activity. 
Improved  boats  have  been  constructed,  steam  has  been 
tried,  and  experiments  made,  which  have  proved  that  a 
rate  of  velocity  may  be  attained,  with  horses,  which,  at 
one  time,  it  would  have  been  considered  quite  chimerical 
to  entertain.  Railways,  likewise,  have  just  emerged,  or 
have  scarcely  emerged,  from  a  system  of  comparative 
insignificance  to  that  of  the  highest  importance,  and  a 
rate  of  travelling  established  upon  them,  which,  at  one 
time,  it  was  deemed  impossible  ever  to  arrive  at.  While, 
therefore,  these  systems,  and  more  especially  the  latter, 
are,  as  it  were,  in  a  state  of  progressive  improvement,  or 
in  their  march  towards  perfection,  it  is  difficult  to  fix 
upon  any  standard  of  comparison,  which  is  not  liable  to 
be  upset,  by  perhaps  a  start  of  improvement,  even  before 
the  work  is  before  the  public.  The  most  that  can  be 
done,  therefore,  is  to  present  the  two  systems,  in  com- 
parison with  each  other,  in  their  existing  state  ;  leaving 
it  to  the  relative  exertions  of  the  promoters  of  each, 
and  to  the  inherent  capabilities  of  each  system,  which 
of  the  two  outstrips  the  other  in  the  race  of  improve- 
ment. 

Even  to  this  extent,  we  meet  with  obstacles  towards 
conclusively  determining  the  existing  capabilities  of  both 
the  systems  ;  we  find,  it  is  extremely  difficult  to  obtain 
all  the  information  upon  all  the  points  necessary  to 
establish  the  powers  of  each  mode  of  transport ;  and, 
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more  particularly,  that  which  refers  to  the  cost.  The 
most  powerful  of  canal  promoters,  Mr.  Grahame,  in  all 
his  publications,  put  forth  with  the  express  purpose  of 
shewing  the  inferiority  of  railway  to  canal  conveyance^ 
has  studiously  avoided  giving  conclusive  statements  of 
the  powers,  and  cost  of  working  canals ;  although  being 
an  extensive  canal  proprietor  himself,  and  in  commu- 
nication, we  suppose,  with  all  the  canal  interests  of 
England  and  Scotland,  and  looked  up  to  as  their  cham- 
pion ;  and,  consequently,  when  no  doubt  could  exist, 
that  it  was  in  his  power  to  give  conclusive  statements 
on  the  subject. 

Again,  as  regards  railways,  although  their  presoit 
state  of  progressive  improvement  renders  it  extremdy 
•difficult  to  obtain  a  fixed  standard  of  their  powers  and 
cost ;  yet,  even  amongst  existing  companies,  there  is  a 
reluctance,  perhaps  j  ustifiable,  to  a  disclosure  of  the  ex- 
penses of  their  several  concerns ;  it  is,  therefbrct  almost 
impossible  to  obtain  all  the  information  necessary  to 
establish  a  decisive  standard  of  comparison,  even  of  the 
existing  state  of  the  system  of  railways. 

At  the  period  of  the  publication  of  the  first  and 
second  editions  of  this  work,  the  cost  of  working  rail- 
ways, in  the  improved  system,  had  not  been  sufBciently 
long  established  to  warrant  us  in  engaging  with  this 
part  of  the  subject ;  since  then  seven  years  have  elapsed, 
and  tlie  system  of  rapid  travelling  has  been  in  operation 
on  the  Liverpool  and  Manchester  railway  during  that 
period;  considerable  experience  has  existed  likewise 
on  the  Stockton  and  Darhngton,  and  other  railways,  as 
to  the  cost  of  working  the  improved  engines ;  Mr.  Gra- 
hame,  too,  has  given  us  a  good  deal  pf  information  oa 
canal  navigation ;  these,  together  with  such  oppor« 
tunities  as  have  come  within  our  reach,  have  justified  lA 
in  our  opinion,  in  entering  upon  the  question  of  the  coffh 
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parative  cost  of  working  the  different  systems  of  internal 
communication ;  and,  therefore,  with  these  explanations, 
we  present  to  the  reader  such  information  as  we  have 
obtained  on  the  subject. 

Art.  1. — Relative  Resistance  of  Canals  and 

Railways. 

In  the  first  edition,  we  only  compared  canals  with 
railways,  in  the  relative  resistances  to  bodies  moved 
along  them  ;  at  that  period,  few  experiments  had  been 
made  on  the  resistance  of  boats  moved  on  canals, 
especially  at  high  rates  of  speed ;  since  that  period  a 
very  valuable  and  extensive  set  of  experiments  has 
been  made  by  Mr.  M^Niel,  the  substance  of  which  has 
been  given  in  another  part  of  this  work. 

It  had  previously  been  argued  in  favour  of  canals, 
that  although,  at  certain  rates  of  speed,  they  did  offer  to 
bodts  moved  in  them  resistances  according  with  the 
established  theory  of  fluids,  yet  when  these,  boats  were 
moved  at  a  high  rate  of  velocity,  the  resistance  did  not 
increase  in  that  ratio ;  or  that,  in  fact,  it  did  not 
increase  at  all,  with  the  velocity.  The  experiments  of 
Mr.  M*Niel  are  conclusive  on  this  part  of  the  subject, 
as  they  give  the  actual  resistances,  at  all  the  several 
rates  of  velocity,  at  which  it  is  practicable  to  drag  boats 
on  canals. 

We  have  endeavoured,  in  estimating  the  cost  of  con- 
veyance on  turnpike  roads,  to  divide  the  traffic  into 
three  rates  of  velocity ;  viz.  two  miles  and  a  half  an 
hour,  for  heavy  goods,  four^  miles  an  hour,  for  light 
goods,  and  nine  or  ten  miles  an  hour,  for  passengers. 
On  canals  we  have  adopted  the  same  classification, 
although,  in  the  resistance  of  canal  boats,  we  have  taken 
four  different  rates  of  speed,  to  illustrate  the  discovery 
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of  the  diminution  of  resistance  at  high  rates  of  vekxa^. 
The  following  table  will,  therefore,  shew  the  relatiw 
resistances  of  canals  and  railways  at  different  rates  of 
velocity. 

Table  III. 


Rate  of  velocity  in  miles 
per  hour. 

Canals. 

Railways. 

Common 
boats. 

Improved  boats. 

Resistanoe 

in  lbs. 

per  ton. 

Ratio  of 

camb 

and 

ndlwi^ 

Average 

load 
22j  tons. 

Resistance 

in  lbs. 

per  ton. 

Maximum 

load 
7' 76  tons. 

Resistance 

in  lbs. 
per  ton. 

Minimum 

load 
3*53  tons. 

Resistance 

in  lbs. 

per  ton. 

Average 

load 

5*57  tons. 

Resistance 

in  lbs. 

per  ton. 

4 
lOi 

2-73 
7*07 
36' 8 
57-3 

7-4 
49*8 
56*8 

13*  1 
74*9 
93*8 

9*20 
58*53 
72' 45 

Si 

Si 
Si 

0*82:  1 
0-83:  1 
5*86:1 
6*68  :  1 

On  examining  the  above  table,  we  find,  that  the 
improved  canal  boats  do  not  present  less  resistance  per 
tofiy  than  the  old  boats,  even  under  the  most  favourable 
circumstances,  or  when  fully  loaded;  when  partially 
loaded,  we  find  the  resistance  much  greater  than  in  tlus 
old  boats.  The  resistances  of  the  old  boats  given  in  the 
table,  up  to  four  miles  an  hour,  are  the  result  of  expe- 
riments detailed  in  Chapter  XII.  on  canals  ;  the  resis- 
tances at  8|,  and  at  lOf  miles  an  hour  respectively,  are 
calculated  at  the  square  of  the  velocity ;  and  by  this 
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mode  of  calculation,  we  see  the  improved  boats  present 
a  great  increase,  of  resistance  beyond  that  of  the  old 
boats. 

It  is  perfectly  true,  as  asserted  by  the  canal  promoters, 
that  a  diminution  of  resistance  in  the  improved  boats 
takes  place  below  that  which  the  theory  would  give,  or 
below  that  of  the  square  of  tlie  velocity,  when  the  boats 
are  urged  beyond  a  certain  rate  of  speed  ;  thus  we  find, 
that  between  the  rates  of  8f ,  and  lOf  miles  the  increase  of 
resistance  is  below  that  of  the  simple  rate  of  the  velocity, 
instead  of  the  ratio  of  the  square  of  the  velocity,  which 
theory  would  give ;  but  we  must  observe,  that  from  4  to 
8i  miles  an  hour,  the  increase  of  resistance  is  much  be- 
yond that  of  the  square ;  so  much  so,  as  to  more  than 
compensate  for  the  diminution  between  8|  and  lOf  miles 
an  hour ;  so  that  with  all  the  advantages  of  the  im- 
proved boats,  it  does  not  appear  that  an  actual  diminu- 
tion of  resistance  has  been  effected  below  that  which 
theory  would  give,  by  the  old  boats^  taking  their  resis- 
tance as  that  actually  ascertained  by  experiment  at  two 
miles  and  a  half,  to  four  miles  an  hour. 

We  trust,  that,  in  this  place,  we  may  be  indulged  one 
remark,  in  answer  to  what  can  only  be  called,  by  the 
mildest  language,  a  most  uncourteous  attack,  in  1832, 
on  the  second  edition  of  this  work,  by  Mr.  Grahame, 
on  tlie  statement  therein  made  of  the  comparative  re- 
sistances of  canals  and  railways.  On  referring  to 
Table  XIII.  page  458,  of  that  edition,  it  will  be  seen, 
that  we  make  the  comparative  resistances  between 
canals  and  railways,  as  5*3  :  1  at  eight  miles  an  hour. 
We  would  direct  Mr.  Grahame's  attention  to  the  result 
of  Mr.  M^NieFs  experiments,  given  in  the  table  in 
the  preceding  page,  which  shews  that  the  compara- 
tive resistances  of  the  improved  boats  at  8f  miles  an 
hour  is  in  the  ratio  of  5*86  :  1,  with  the  maximum  load, 

Y  Y  3 


694  DIFFERENT  MODES  OF  INTERNAL  COMMUNICATION. 

and  8*52  :  1,  with  the  average  load  of  these  expeii- 
ments.  We  did  not  think  it  necessary  to  answer  this 
attack  at  the  time,  as  any  one  interested  in  the  inquiry 
might  have  seen  a  result  equal  to  the  above  j&ct  from 
Mr.  Grahame's  own  references,  viz.  to  the  experiments 
detailed  in  Mr.  Fairbairn's  work ;  wherein  it  is  shewn, 
page  60,  that  the  resistance  of  a  boat  moved  at  the 
rate  of  7*28  miles  an  hour,  was  equal  to  66  lbs.  per  too ; 
or  in  the  ratio  of  7*7  •  1  of  the  resistance  of  railroads. 
We  must  not  omit  to  notice,  however,  that  Mr.  Gia- 
hame  laid  considerable  stress  upon  our  statement  of  the 
power  of  horses,  which  was  that  of  their  ordinary  work 
in  other  cases;  and  which  he  compared  with  the  perfonn- 
ance  of  horses  dragging  boats  on  canals,  which  we  have 
already  shewn  are  extraordinary  efforts.  We  have  given 
the  experiments  of  Mr.  McNeil  on  the  actual  resist- 
ances of  the  boats  dragged  by  the  horses  alluded  to, 
which  shew  efforts  very  much  beyond  the  generally 
conceived  opinion  of  the  capabiUties  of  a  horse,  and 
which  can  only  be  accomplished  by  more  than  ordinary 
wear  and  tear  to  his  physical  powers.  Taking,  in  the  case 
of  railroads,  the  ordinary  powers  of  a  horse,  and  con- 
trasting these  with  the  extraordinary  powers  to  which  the 
horses  are  urged  in  dragging  the  swift  boats  on  canals ; 
Mr.  Grahame  certainly  shewed  a  discrepancy  between, 
what  he  called,  our  statements,  and  his  facts.  But  if  the 
actual  relative  resistances  of  the  two  modes  of  transport 
were  such  as  we  then  stated,  and  they  are  fully  borne 
out  by  subsequent  experiments,  we  see  no  reason,  if 
such  extraordinary  performances  are  capable  of  being 
realized  by  horses  travelling  along  the  towing  path  of  a 
canal,  why  the  same  effort  cannot  be  made  along  the 
track  of  a  railway;  and,  therefore,  the  comparison 
equally  holds  good  in  fact,  however  it  may  be  distorted 
in  argument,  although  horses  have  not  been  ui^ged  on 
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railways,  to  such  extraordinary  efforts  as  they  have  been 
on  canals. 

With  these  observations,  we  now  give  the  compara- 
tive cost  of  conveying  goods  and  passengers  upon 
canals,  and  by  horses  on  railroads. 


Art  2. — Comparative  Cost  of  Canals  and  Railways 
with  Horses. 


Table  of  comparative  cost  of  conveying  goods  and 
passengers  on  canals,  and  by  horses  on  railroads. 


Canals. 

Railnadi, 

il 

h 

Com  of 

Cost  of 
convejaniN! 

If 

H 

Cost 

ofhauligc 
sod 

Cortof 
flonvcyaiicc 

per  ton 

|s 

carriBge! 

per  ion 

|i 

(3- 

per  milt. 

A^ 

permiJc. 

a* 

B-T3 

0-Sd. 

V36d. 

2* 

8-J 

0-75* 

V65d. 

4 

7*07 

y\6d. 
0'S75rf.pcr 

s-sd. 

r  OS  J.  per 

* 

8-5 

ris7d. 

O-aSJ.  per 

re'iiJ. 

10 

p«B«ngur, 

S-5 

piT   pn-v 

3-5d.  p«r 

scngor, 

ion. 

ton. 

We  iindi  from  the  above  table,  that  for  the  convey- 
ance of  heavy  goods,  canals  present  a  cheaper  mode  of 
conveyance  than  railways,  in  the  proportion  of  l'36d. 
to  l-65d.  per  ton,  per  mile ;  this  result  takes  place  upon 
a  level  railway,  and  when  the  length  of  the  canal  and 
railway  between  the  two  places  is  precisely  the  same. 
T  T  4 


696   DIFFERENT  MODES  OF  INTERNAL  COMMUNICATION. 

If  the  goods  are  to  be  conveyed  between  two  places, 
which  will  admit  of  a  descending  line  of  railway,  and 
the  great  bulk,  or  the  whole  of  the  goods  are  to  be  con- 
veyed in  that  direction ;  and  if  the  inclination  be  such 
as  to  enable  a  horse  to  drag  one  fifth  greater  weight 
than  upon  a  level  railroad,  then  the  two  modes  d 
transport  will  be  equal ;  and  when  the  railway  is  such 
that  a  horse  can  drag  more  than  that  proportion,  the 
balance  will  then  be  in  favour  of  the  railroad.  And,  on 
the  contrary,  if  the  situation  of  the  two  places  is  such, 
as  that  the  inclination  of  the  railway  is  ascending,  in  the 
direction  the  load  is  to  be  conveyed,  then  the  balance 
will  be  in  favour  of  canals. 

In  this  latter  case,  however,  we  presume  horses  would 
not  be  employed,  as  the  motive  power  would  either  be 
locomotive  engines  j  or,  if  for  the  conveyance  of  minerals 
and  heavy  goods,  probably,  fixed  engines,  and,  there- 
fore, the  comparison  would  not  apply. 

Again,  if  the  length  of  the  canal,  between  the  two 
places  is  more  than  one  fifth  greater  than  the  distance 
by  the  railway,  this  will  throw  the  balance  in  favour  of 
the  railway,  provided  the  gradients  are  not  afifected  by 
taking  the  more  direct  line;  having,  however,  the 
relative  cost  per  mile,  it  will  be  easy  to  apply  this  to  any 
case  in  practice. 

With  respect  to  light  goods  and  merchandize,  con- 
veyed  at  about  four  miles  an  hour,  we  find  the  result  a 
little  in  favour  of  canals,  in  the  proportion  of  3*5  to 
3*627fl?.  per  ton,  per  mile,  supposing  the  railway  level ; 
and  the  canal  and  railway,  both  the  same  length. 

The  same  remarks,  as  to  this  result  being  altered  by 
the  circumstances  above  alluded  to,  apply  to  this  de- 
scription of  trafiic,  as  well  as  that  of  heavy  goods. 

In  the  comparison  of  quick  travelling  on  railroads,  and 
by  the  swift  boats  on  canals,  we  have  the  resistance  of  the 
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latter  more  than  seven  times  that  of  the  former ;  so  far, 
therefore,  as  regards  the  motive  power,  the  cost  should 
be  nearly  in  that  ratio.  We  find,  however,  as  previously 
remarked,  the  most  extraordinary  performances  effected 
by  horses  dragging  the  swift  boats ;  greater  than  as- 
assigned  on  railroads,  to  horses  travelling  at  two  miles 
and  a  half  an  hour.  There  can  be  no  reason  why,  when 
horses  are  capable  of  such  performances  on  canals,  that 
they  are  not  equally  capable  of  doing  the  same  on 
railroads;  and,  therefore,  if  such  a  performance  was 
assigned  them,  then  we  have  underrated  the  cost  of 
conveyance  by  railways,  at  the  speed  of  ten  miles  an 
hour.  This,  however,  is  of  less  importance,  inasmuch  as 
at  that  rate  of  travelling  the  balance  is  decidedly  in 
fiivour  of  railways,  and,  consequently,  any  difference 
between  the  actual  expenses  of  haulage,  and  the  charges 
made,  only  adds  to  the  profit  of  the  railway,  and  does 
not  strictly  enter  into  the  comparison  of  the  two  sys- 
tems, in  contrast  with  each  other.  In  all  cases,  there- 
fore,  when  the  distances  are  equal,  railways  will  be 
enabled  to  successfully  compete  with  canals,  for  the 
conveyance  of  passengers,  parcels,  and  all  goods,  or 
merchandize,  conveyed  at  the  rate  of  ten  miles  an  hour, 
even  when  horses  are  the  motive  power. 

We  shall  now  give  the  comparison  between  canals 
and  railways,  when  locomotive  engines  constitute  the 
motive  power  on  the  latter. 
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Art  3. — Comparative  Cost  ofCanalt^  and  Railux^t 
with  Locomotive  Engines. 


Table  V. 

Table  of  the  comparative  cost  of  conveying  goods  and 
passengers,  by  horses  on  canals,  and  by  locomotive 
engines  on  railroads. 


Canals. 

lUilrcMuk. 

1 

^ 

Cost 
of  haulage 

Charges 

1 

h 

Con 

of  haulage 

Cost 
of 

°T- 

1 

boaUiire 
per  Ion 
|«r  mUo. 

mnveyaucc 
PLT  ion 
perB.ile. 

aanaea 
per  ion 
pet  mile. 

per  ton 
per  mile. 

per  too 
per  mile. 

n 

a- 73 

0-5d. 

ysGd. 

e 

8-S 

0-S6SiI. 

r065rf.  / 

yoesd. 
I- sen. 

4 

7-07 

llGd. 

ysd. 

12 

8-5 

0-737d. 

3'  138.1. 

3-Sd. 

HBulagc. 

Haulage. 

VOSd.  per 

0-2Sd. 

0'675d.per 

Id.  to  ltd 

per  pns. 

passcngLT, 

pcrpas- 

panengCT, 

per  pn- 

\fT;.. 

13-55d. 

iiV 

0-  73d. 

rsssd. 

"°S- 

p«r  ton. 

L  per  ton. 

per  ton. 

per  ton. 

On  examining  the  above  table,  we  iind,  that,  with 
heavy  goods,  although  the  relative  resistances  of  canals 
and  railroads,  are  three  times  as  great  upon  the  former 
as  upon  the  latter,  the  cost  of  haulage  and  boat-hire  is 
□early  the  same  upon  canals,  as  the  cost  of  haulage  and 
carriages  upon  railways ;  and  that  coals  and  minerals  are 
conveyed  on  railways  equally  cheap,  if  not  at  a  less  rate, 
than  upon  canals.  We  have  given  cases  on  railways,  of 
coals  being  conveyed  at  the  rate  aflOGSd.,  and  l*09dL 
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per  ton,  per  mile,  in  very  large  quantities,  many  hundred 
thousand  tons  yearly  ;  and,  in  no  instance,  has  it  been 
shewn,  that  canal  navigation  is  conducted  at  a  cheaper 
rate,  including  every  charge.  Mr.  Grahame,  as  one  case 
of  very  cheap  canal  conveyance,  cites  the  dues  upon  the 
Union  canal  at  2s.  3d.  per  ton,  for  31^  miles,  which  is 
equal  to  •86rf.  per  ton ;  he  likewise  states  the  cost  of 
haulage  between  Edinburgh  and  Glasgow,  a  distance 
of  56  miles,  at  1/,  Is.  for  a  boat  of  forty  tons  burden; 
but,  as  the  boats  are  never  fully  laden,  we  may  take 
this  at  •15rf.  per  ton,  per  mile,  as  the  lowest  rate  of 
dragging  boats  ;  finding,  in  no  other  instance,  the  same 
work  done  at  that  cost.  This  would  give  Id.  per  ton,  per 
mile,  exclusive  of  boat-hire ;  and,  therefore,  unless  the 
boat^hire  can  be  effected  at  •065  of  a  penny  per  ton,  per 
mile,  canals  cannot  compete  with  railways  in  the  con- 
veyance of  heavy  goods  ;  where  such  railways  are  con- 
structed, and  worked  with  a  view  of  effecting  the  most 
economical  conveyance  of  heavy  goods,  at  moderate  rates 
of  speed. 

It  is  not  of  so  great  importance,  perhaps,  as  the  eco- 
nomical transport  of  such  goods,  that  they  are  conveyed 
on  railroads,  at  three  times  the  rate  of  speed,  which 
they  are  conveyed  on  a  canal  j  except  that,  where  large 
quantities  are  to  be  transmitted  daily,  as  upon  some  of 
the  railways,  where  from  1500  to  2000  tons  are  con- 
veyed daily  along  one  line  of  road,  a  considerable  saving 
of  capital  must  be  effected,  between  the  carriages  run- 
ning at  the  rate  of  eight  miles,  and  boats  moving  at 
the  rate  of  2,  or  2^  miles  an  hour.  We  may,  there- 
fore, conclude,  that  where  large  quantities  of  minerals, 
coals,  or  other  heavy  goods  are  required  to  be  trans- 
ported from  one  place  to  another ;  that  such  minerals, 
&c.  can  be  conveyed  cheaper,  and  more  expeditiously, 
upon  a  railway,  constructed  and  worked  for  that  pur- 
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pose,  than  by  a  canal.  And,  in  the  determination  of 
this  question,  it  is  not  necessary  to  go  into  the  relative 
distances  by  canal,  and  by  railway;  the  superioritj 
being  in  favour  of  the  latter,  in  every  case  the  railway 
will  be  the  shorter  length,  and,  therefore,  the  balance 
will  be  still  further  in  favour  of  railways,  when  the  re- 
lative distances  are  varied.  Neither  need  we,  in  this 
case,  go  into  the  question  of  the  gradients  of  the  line  of 
railway,  as  we  see,  in  Chap.  X.,  §  2,  Art.  3,  that  coals 
and  minerals  are  conveyed  at  the  rate  of  V13d.  per  ton 
per  mile  by  fixed  engines,  across  a  line  of  country,  over 
which  it  would  be  difficult  to  carry  a  canal. 

We  now  come  to  the  consideration  of,  whether  heavy 
goods  or  minerals  can  be  carried  upon  public  railways, 
on  which  a  mixed  traffic  of  merchandize,  and  passengers, 
is  conducted,  to  compete  with  canals.  On  referring  to 
the  particulars  of  the  cost  of  working  the  Liverpool 
railway,  we  find  the  total  cost  of  conveying  merchan- 
dise, 2'5l8d.  per  ton  per  mile ;  this  includes  a  charge  of 
l*08rf.  for  conducting  the  traffic  of  merchandize,  load- 
ing, and  unloading,  &c.,  which,  not  being  applicable  to 
the  cost  of  conveying  coals,  or  minerals,  should  be  de- 
ducted ;  leaving  V51d.  per  ton,  per  mile,  as  the  cost  of 
conveyance  of  coals,  &c.,  not  required  to  be  loaded,  or 
unloaded,  by  the  railway  company.  The  expense  of 
locomotive  power,  upon  that  railway,  we  have  explained, 
will  be  greater  than  on  future  lines  of  railway.  The 
cost  of  upholding  waggons  is,  likewise,  •027rf-  greater 
than  for  the  conveyance  of  minerals,  and  the  charge 
for  general  expenses  is  likewise  very  high ;  with  these 
reductions,  and  when  trains  of  coals  or  minerals  can  be 
allowed  to  travel  along  the  railway  with  a  maximum 
load,  we  do  not  see  why  those  articles  cannot  be 
conveyed  along  a  public  railway,  with  a  mixed  traffic, 
as  cheaply  as  upon  a  railway  constructed  for  the  express 
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purpose  of  conveying  such  articles.  Taking  the  cost 
upon  the  Liverpool  railway  at  V5\d.  per  ton  per  mile; 
the  cost  on  canals  is  TSGrf.  per  ton  per  mile ;  if  the 
reductions  for  the  saving  of  motive  power  be  made, 
making  railways  1.46rf.,  and,  especially,  if  the  length  of 
the  canal  be  greater  than  the  railway,  the  balance  will 
be  in  favour  of  the  latter.  And  it  may  here  be  re- 
marked, that,  almost  in  every  instance,  where  railways 
and  canals  have  been  constructed  between  two  places, 
the  railway  has  been  very  much  shorter  in  length  than 
the  canal.  From  Liverpool  to  Manchestei',  the  canal  is 
fifty  miles,  the  railway  thirty-one  miles ;  from  Edin- 
burgh to  Glasgow  the  canal  is  fifty-six  miles,  and  the 
projected  railway  forty- two  miles ;  and  several  other 
instances  might  be  given,  where  the  length  of  the  canals 
between  the  two  places  is  much  greater,  but  in  no  one 
instance,  is  it  a  shorter  distance  than  the  railway.  By 
proper  arrangements,  therefore,  upon  public  railways, 
with  a  mixed  traffic  ;  coals,  or  minerals,  may  be  conveyed 
at  a  rate  which  would  enable  the  railway  company  to 
compete  with  the  rates  at  present  charged  by  the  canal 
companies.  Upon  the  Newcastle  and  Carlisle  railway, 
the  coals  for  export  are  conveyed  at  l'25rf.  per  ton  per 
mile,  for  railway  dues  and  haulage,  and  *^d.  per  ton 
per  mile  for  finding  waggons,  (a  superior  description  of 
waggon  wheels  being  used  for  safety,  with  a  mixed 
traffic,)  being  altogether  V5d.  per  ton  per  mile.  (Note 
L,  Appendix.) 

If  the  two  systems  of  canal  and  railway  come  into 
active  competition,  and  all  regard  to  the  receipt  of 
dues  be  sacrificed  by  both  parties,  the  case  would  be 
different ;  we  would  then  have  to  ascertain  upon  which 
of  the  two  the  direct  charges  would  be  greatest,  the 
cost  of  haulage  and  boat-hire,  on  the  one  hand,  or  the 
locomotive  power,  and  waggons,  on  the  other.     The 
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former,  by  Table  XVIL  Chap.  XII.  we  find  to  be  -5^ 
per  ton  per  mile ;  while  the  latter  is  '565d.  upon  rail- 
roads,  applied  to  the  conveyance  of  minerals  alone,  and 
"Tlld.  per  ton  per  mile,  on  the  Liverpool  railway. 
Between  railways  and  existing  canals,  therefore,  the 
length  of  each  being  the  same  between  the  two  termini, 
the  canal  will  be  enabled  to  compete  with  the  railway 
in  the  conveyance  of  minerals  ;  but,  in  doing  so^  it  will 
be  observed,  that  it  must  be  upon  the  principle  of  not 
making  a  remunerating  charge  for  canal  dues ;  still,  if 
the  canal  company  be  determined  to  continue  the 
traffic  of  coals,  and  minerals,  it  will  not  be  in  tlie 
power  of  the  railway  company,  unless  more  fiivourably 
situated  as  regards  the  locale  of  the  traffic,  or  as 
having  a  shorter  line  than  the  canal,  to  dispossess  the 
canal  company  of  the  conveyance  of  such  articles. 

The  next  consideration,  between  the  two  systems,  is 
that  of  the  conveyance  oS  merchandize.  The  comparison, 
in  this  case,  lies  between  the  goods  trains  on  railways, 
and  the  fly  boats  on  canals ;  the  former  travelling  at  the 
rate  of  twelve  to  flfleen  miles  an  hour,  and  the  latter  at 
four  to  five  miles  an  hour.  On  referring  to  the  cost 
of  railways,  we  find  the  charges  the  same  as  those  on 
canals ;  this  is  easily  accounted  for  j  when  parties  can 
have  their  goods  delivered  in  one  third  the  time,  they 
will  prefer  the  quick  delivery  to  the  more  protracted ; 
and,  therefore,  although  the  charges  are  the  same,  the 
railway  conveyance  will  be  preferred,  especially  as, 
upon  canals,  the  goods  are  more  liable  to  pilfering ;  and 
these  goods  being  generally  valuable,  a  saving  of  time 
of  delivery  is  of  some  consequence.  If,  therefore,  the 
conveyance  of  merchandize  upon  railways,  can  be 
effected  at  the  same  cost  as  upon  canals,  the  railway 
will  monopolize  all  the  traffic  of  such  goods,  &cility  of 
despatch  being  so  great  a  desideratum. 
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We  shall  now  ascertain  upon  which  of  the  two 
systems  of  transport,  such  goods  can  be  more  cheaply 
conveyed.  According  to  Table  V.  of  this  chapter,  we 
find  the  cost  of  haulage  and  boat-hire  on  canals  equal 
to  Vl6d.  per  ton  per  mile,  while  the  haulage  and 
expense  of  upholding  carriages  on  the  Liverpool  and 
Manchester  railway  is  'yvy^^-  per  ton  per  mile ;  when, 
therefore,  railways  come  into  active  competition  with 
canals  for  this  species  of  traffic,  the  struggle  will  be  so 
decidedly  in  favour  of  railways,  that  we  may  suppose, 
unless  other  circumstances  than  the  mere  cost  of  con- 
veyance, and  facility  of  despatch,  exist,  the  competition 
will  never  be  brought  into  action.  Railway  projectors, 
as  in  the  case  of  the  comparison  with  turnpike  roads, 
may,  therefore,  calculate  upon  all  the  traffic  of  mer- 
chandize, where  cheapness  of  transit,  and  facility  of 
despatch  are  combined,  whether  the  comparison  is 
against  existing  or  projected  canals. 

We  have  now  to  enter  into  the  comparison,  with 
passengers  and  parcels^  at  higher  rates  of  speed.  In 
the  chapter  on  canals,  we  have  given  sufficient  informa- 
tion, obtained  from  Mr.  M'Niel's  experiments  of  the 
resistance  of  boats  moved  at  rapid  rates,  to  determine 
the  actual  force  required  to  drag  such  boats,  and  we 
have  taken  from  Mr.  Grahame*s  publications,  the  cost 
of  traction  of  the  boats  on  some  of  the  canals  in 
England  and  Scotland  ;  these  data  will  not,  therefore,  be 
disputed  by  the  advocates  for  canal  navigation.  For 
the  results  on  railways,  we  have  taken  the  actual  cost 
upon  the  Liverpool  railway,  under  circumstances  which 
are  far  from  favourable  to  that  system ;  upon  these» 
however,  we  purpose  grounding  the  comparison  of  the 
value  of  the  two  modes  of  transit. 

In  the  first  place,  with  respect  to  the  rate  of  travel- 
ling on  each.    In  the  case  of  canals,  we  have  taken  ten 
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miles  an  hour,  which  is,  we  believe,  at  least  one  mile 
an  hour  greater  than  the  average  velocity  constantly 
realized  by  the  swift  boats ;  at  any  rate,  nine  miles  an 
hour,  may  be  taken  as  the  average  velocity  of  the  swift 
boats  on  canals.  It  will  not,  we  presume,  be  questioned, 
that  the  rate  of  travelling  upon  railways  by  locomotivt 
engines  is  overrated  at  twenty  miles  an  hour.  The  dis- 
tance between  Liverpool  and  Manchester,  (31  miles,} 
is  run  in  an  hour  and  ten  or  fifteen  minutes.  The  dis- 
tance between  Birmingham,  and  Manchester,  or  Liver- 
pool, is  ninety-seven  miles,  the  time,  four  hours  and  a 
half  So  far,  therefore,  as  relates  to  the  rate  of  travel- 
ling, we  may,  in  a  general  way,  state  that,  at  present, 
the  rate  upon  railways,  is  more  than  double  that  by 
swift  boats  on  canals. 

Having  ascertained,  that  the  rate  of  travelling  by 
railway  is  double  that  by  any  other  mode,  it  will  not  be 
contended,  if  the  fares  are  the  same,  the  preference 
will  not  be  in  favour  of  railways ;  whatever  may  be  said 
of  the  value  of  time  as  relating  to  goods  and  merchan- 
dize ;  it  cannot  be  questioned,  that  time  is  valuable  as 
regards  individuals. 

The  time  of  the  common  labourer  cannot  be  taken  at 
less  than  2d.  per  hour,  and  when  we  come  to  the  higher 
grades  of  mechanics,  and  from  that  to  merchants,  and 
others,  engaged  in  trade,  and  other  pursuits,  we  shall  find, 
that  the  value  of  each  hour,  will  pay  for  a  considerable  dif- 
ference of  fare,  between  travelling  at  the  rate  of  ten  and 
twenty  miles  an  hour.  This  is  amply  exemplified  by  the 
canal  companies  themselves,  otherwise,  such  extraordi- 
nary efforts  would  not  have  been  made  to  attain  a  rate  cxf 
speed  with  the  swift  boats,  double  that  of  the  common 
fly  boats;  the  trackage  of  which  alone,  according  to 
Mr.  Grahame,  is  in  the  one  case  lid.  per  mile,  and  in 
the  other  3^d.  per  mile,  if  they  did  not  find,  that  such  a 
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rate  of  travelling  was  necessary  to  secure  the  traffic 
of  passengers  on  canals. 

We  may,  therefore,  conclude,  that,  if  the  fares  be  the 
same  on  the  railway  and  the  canal,  the  rate  of  travelling 
on  the  former  being  twenty,  and  on  the  latter  nine  or 
ten,  miles  an  hour,  all  the  conveyance  of  passengers 
will  be  absorbed  by  the  railway,  the  convenience  of  both 
being  the  same.  But,  we  think,  this  may  be  carried 
further,  and  that  greater  fares  may  be  charged  by  the 
railway,  and  still  the  traffic  of  passengers  will  be  secured 
to  that  system  of  conveyance. 

The  &res  on  the  Liverpool  and  Manchester  railway 
have  been  often  alluded  to,  as  proving  the  high  rate 
at  which  it  is  necessary  to  charge  on  railways  ;  and  the 
whole  (^  the  arguments  of  Mr.  Grahame,  in  favour  of 
canals,  are  founded  upon,  what  he  calls,  the  exorbitance 
of  those  charges,  which  are  5s.  6d.  by  the  best  coaches, 
and  4ts.  Qd.  by  the  open  carriages ;  or  about  2(2.  and 
1^.  per  mile,  respectively.  But  it  must  be  observed, 
that  these  are  tlie  fares  which  the  company  are  enabled  * 
to  charge,  and  yet  to  outstrip  all  competition  from  other 
modes  of  conveyance;  not  what  they  are  obliged  to 
charge,  on  account  of  the  expenses  of  working  the  rail- 
way ;  and  this  &ct,  instead  of  telling  against  the  system, 
goes  \o  prove  that  such  charges  can  be  made  per  mile, 
and  yet  compete  effectually  against  all  other  modes  of 
conveyance.  We  must,  however,  remark,  that  the 
canal,  in  this  case,  is  put  out  of  competition  by  its  in- 
creased length,  being  fifly-six  miles,  while  the  railway 
is  only  thirty-one  miles;  still  the  railway  is  subject 
to  the  competition  of  the  turnpike  road,  thirty-three 
mUes  in  length. 

It  is  confidently  asserted,  that  passengers  can  be  con- 
veyed in  the  swifl  boats  at  fc?.  per  mile ;  if  so,  we 
have  this  condusioDy  that  the  canal  companies  cannot 

z  z 


706   DIFFERENT  MODES  OF  INTERNAL  COMMUNICATION. 

induce  passengers  to  travel  by  the  canal  at  8s.  6d.  in 
preference  to  paying  6s.  6d.  and  4*.  6rf.  by  the  railway, 
which  can  only  be  accounted  for  by  the  saving  of  time 
by  the  railway. 

On  examining  the  table  of  the  relative  cost  of  convey, 
ance  by  canal  and  railway,  we  find  the  cost  of  haulage 
and  boat-hire  by  canal,  at  ten  miles  an  hour,  equal  to  S^d. 
per  ton  per  mile ;  while,  for  parcels  and  Kght  goods,  con- 
xeyedrhy  the  railway  coaches,  the  haulage  and  cost  of  car- 
riages are  l^d.  per  ton,  at  twenty  miles  an  hour.  In  the 
case,  therefore,  of  active  competition  betwee  the  two 
modes,  we  find  the  balance  decidedly  in  favour  of  rail  waj% 

The  result,  therefore,  of  these  comparisons  of  canal 
and  railway  communications  is,  with  respect  to  heavy 
goods  ;  where  it  becomes  a  question,  whether  a  railway 
or  a  canal  is  to  be  constructed  j  that  a  railway  is  pre 
ferable,  inasmuch  as,  while  it  affords  as  cheap  a  mode  of 
conveyance  for  heavy  goods,  it  presents  a  more  econo- 
mical  and  more  expeditious  means  of  transit,  for  all  otiier 
descriptions  of  traffic.  When  the  question  relates  to 
the  construction  of  a  railway,  for  the  conveyance  of 
heavy  goods  alone,  to  be  brought  into  competition  with 
an  existing  canal ;  unless  there  are  other  circumstances, 
in  favour  of  the  former,  more  than  that  of  being  a  level 
railway,  and  of  the  same  length  as  the  canal,  we  find  the 
latter  will  be  enabled  to  compete  with  very  great  effect 
against  such  a  railway.  But  when  we  are  to  determine 
as  to  the  construction  of  a  railway,  for  a  mixed  traffic  of 
minerals,  coals,  or  heavy  goods,  merchandize,  and  pas- 
sengers, we  find  that  a  railway  will  be  enabled  to  com- 
pete successfully  with  any  existing  canal  j  presuming 
that  the  interest  of  capital  and  amount  of  traffic  are 
such,  that  the  dues  required  to  be  charged  on  the 
railway,  are  not  higher  than  those  given  in  the  cases 
upon  which  our  calculations  have  been  formed^  of  the 
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comparative  cost  of  working  the  two  systems  of  com- 
munication. 

In  our  comparison,  however,  of  the  two  systems  of 
transit,  we  must  not  lose  sight  of  the  very  important 
consequences,  resulting  to  the  commerce  of  the  country, 
by  the  rapidity  of  communication  effected  by  railways, 
which  far  outweighs  any  trifling  balance  of  economy 
in  favour  of  canals,  if  such  even  do  exist ;  and,  there- 
fore,  we  presume,  whenever  the  balance  between  the 
two  modes,  in  any  degree  approach  each  other,  a  pre- 
ference will  be  given  to  railway  communication. 
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CHAPTER  XIV. 

ON  THE  CONSTRUCTION  OF  THE  GREAT  WESTER 
RAILWAY,  AND  THE  LOCOMOTIVE  POWER  TO  I 
USED  THEREON. 

1  HE  construction  of  this  railway,  being  different  fitx 
that  of  the  Liverpool  and  Manchester,  the  London  an 
Birmingham,  the  Grand  Junction,  and  other  great  lini 
of  railway  laid  down  in  this  country ;  and  being,  i 
many  respects,  upon  an  entirely  new  system,  and 
being  the  intention  of  the  proprietors  of  that  railway  I 
adopt  a  rate  of  speed  much  beyond  that  at  present  kq 
up  upon  the  existing  lines  of  railway ;  we  have  thougl 
it  advisable  to  give  a  short  description  of  the  mode  < 
construction,  and  the  plan  of  the  locomotive  engines  i 
be  used  upon  this  railway.  This  should  have  fbllow( 
the  description  of  the  plan  of  formation,  of  other  lines 
railway  in  Chapter  IV.,  but  as  the  Great  Western  rai 
way  is  only  at  present  in  the  course  of  formation,  \ 
deemed  it  advisable  to  obtain  the  latest  information  ( 
the  subject ;  and  have,  therefore,  deferred  obtaining  it,; 
long  as  we  could,  previous  to  the  work  issuing  firom  tl 
press.  Though  this  has  caused  a  misplacement  of  tfa 
chapter,  it  has  not  been  without  its  advantages  ;  as 
has  enabled  us  to  state  the  result  of  a  trial  upon  a  porti( 
of  the  line,  which,  together  with  a  description  of  tl 
mode  of  construction,  has  been  kindly  communicated 
us  by  Mr  •  Brunei  the  engineer. 


PRINCIPLES    OF   THE    OLD    SYSTEM.  709 


§  1. — Principles  of  the  old  System  ofjbrming 

Railways. 

The  plan  of  formation  of  all  railways  is,  in  the  first 
place,  to  form  a  track  or  road  of  as  nearly  a  uniform 
level,  or  rate  of  inclination,  as  can  possibly  be  done, 
from  one  extremity  of  the  line  to  the  other.  This  is 
done  by  cutting  down  all  those  parts  of  the  line  of  the 
country,  which  are  elevated  above  the  general  inclina- 
tion or  level  of  the  intended  road,  and  filling  up  all 
those  parts,  the  surface  of  which  is  below  the  general 
rate  of  inclination  of  the  proposed  JUne  o(  railway^  as 
shewn  in  JB^.  1,  Plate  V.  The  whole  length  of  the 
railway  is,  therefore,  almost  entirely  composed  of  a 
succession  of  cuttings  and  embankments  from  one  end 
to  the  other ;  and  the  line  forming  the  upper  surface  of 
these  cuttings  and  embankments,  which  ought  to  be  a 
uniform  level,  or  rate  of  inclination,  is  called  the  '^  base,'' 
or  ^  formation  line,^'  of  the  railway.  Upon  all  those 
parts  of  the  line  which  compose  the  cuttings,  this  base 
will  be  quite  firm  and  solid,  being,  in  fact,  :the  undis- 
turbed strata  of  the  earth ;  but  upon  those  parts  which 
are  fbnned  by  the  filling  up  or  embanking,  die  base 
will  not  be  firm  and  solid,  until  the  earth  or  material 
ft)d:ming  such  embankment  becomes  completely  con- 
solidated, and  incapable  of  compression  or  shrinking ; 
and  it  will  depend  entirely  upon  the  nature  of  the  mate- 
rial, what  length  of  time  will  be  requued  to  transpire 
before  such  embankments  become  perfectly  consolidated^ 
so  as  to  form  a  firm  and  unyielding  base,  or  formatioo 
line  lor  the  railway. 

Upon  this  base  or  formation  line,  as  previously  exr 
plained,  a  coating  of  ashes,  gravel,  or  broken  sandstone, 
of  from  eight  to  twelve  inches  is  laid,  for  the  purpose  of 
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affording  a  dry  and  firm  bed  for  the  sleepers  or  blocks 
to  rest  upon  ;  the  ashes,  gravel,  or  broken  stone  acting 
as  drains  to  carry  off  the  water  into  the  main  water- 
courses of  the  railway.  The  principle  of  construction 
of  all  railways  being  to  form  a  continuous,  uniform,  firm, 
unyielding,  and  smooth  surface  for  the  wheels  to  run 
upon ;  it  will  at  once  be  seen,  that  when  the  embank- 
ments yield,  tlie  uniform  continuity  of  the  line  is  dis- 
turbed,  and,  consequently,  fresh  material  is  required  to 
be  added  from  time  to  time,  to  raise  the  sur&ce,  until 
the  embankment  becomes  perfectly  consolidated. 

Supposing  the  base  or  formation  line  of  the  railway 
perfectly  firm,  solid,  and  unyielding,  then  the  rails  are 
next  required  to  be  laid  in  such  a  manner,  as  that, 
when  the  engines  and  carriages  roll  along  them, 
their  weight  should  have  no  effect  in  depressing  the 
sleepers  or  blocks  into  the  coating,  or  of  destroying  the 
uniform  level  or  line  of  the  rails. 

The  mode  of  constructing  the  single  and  double 
wooden  railways,  at  the  early  period  of  the  formation  of 
this  kind  of  road,  was,  as  previously  explained,  simply  to 
lay  down  the  longitudinal  rails  of  timber,  and  the  trans- 
verse sleepers,  upon  the  surface  of  the  coating  of  ashes; 
the  timber  of  itself  being  very  light,  could  have  no  effect 
in  forming  a  solid  and  firm  road,  and,  therefore,  every 
time  the  carriages  passed  across  the  end  of  each  sleeper, 
and  along  the  rail,  the  coating  would  be  compressed, 
the  rails  and  sleepers  would  sink,  and  thus  the  level  of 
the  rails  would  be  destroyed. 

The  mode  of  remedying  this,  was  by  constant  manual 
labour,  employed  in  pushing  ashes  or  ballast  under- 
neath the  rails  and  sleepers,  until  the  coating  became 
so  firm,  and  solid,  that  the  weight  of  the  carriages  had 
no  longer  any  effect  in  compressing  it ;  and  until  the 
rails  did  not  yield,  and  sink  to  the  pressure   of  the 
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wheels.  This,  as  may  be  supposed,  would  be  very  ex- 
pensive in  the  first  instance,  and  until  the  coating 
became  perfectly  firm,  it  would  form  a  very  imperfect 
railway.  The  long  lengths  of  timber  joined  together, 
would  renderitvery  difficult  to  accomplish  a  uniform  bear- 
ing throughout  the  whole  length,  and  still  more  under 
each  transverse  sleeper ;  and,  consequently,  we  find,  that 
on  the  old  railways,  formed  by  continuous  wooden  rails, 
it  required  constant  attention  to  preserve  any  thing  like 
a  firm  or  solid,  and  uniform  line  of  railway. 

These  remarks  apply  to  all  the  different  descriptions 
of  railways  formed  by  continuous  wooden  rails,  of  which 
the  majority  of  the  American  railways  are  composed  j 
but  the  timber  forming  the  rails  and  sleepers,  in  these 
cases  in  America,  being  of  such  greater  scantling  than 
the  old  wooden  railways  of  England,  a  firm  base  is 
sooner  obtained,  and  the  rails  are  not  so  liable  to  buckle 
and  bend  under  the  wheels,  as  the  common  wooden 
railways. 

When  stone  blocks  were  first  used,  the  same  system,, 
of  forming  a  firm  bed  for  the  block  to  rest  upon,  was 
practised  ;  the  block  was  merely  placed  upon  the  coat- 
ing or  ballast  of  the  road,  and  the  -weiglit  of  the  car* 
riages  passing  over  it  compressed  the  coating,  and 
fresh  ashes  or  ballast  were  pushed  underneath  the  blocks 
until  the  whole  became  consolidated.  On  all  the  early 
constructed  railways  the  blocks  were  much  too  small,  and 
although,  if  the  weight  or  pressure  of  the  wheels  acted 
smoothly  upon  the  blocks,  in  time  they  would  become 
firmly  seated ;  yet  the  shocks  and  vibration  of  the  motion 
of  the  carriages,  acting  against  the  sides  of  the  rails, 
continually  operated  to  destroy  the  seat  of  the  block, 
and  it,  therefore,  required  the  renewed  and  constant 
labour  of  packing  and  compression  of  the  coating,  to 
re-establish  a  seat  for  the  blocks.     We  have  before  stated, 
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that,  in  forming  the  Liverpool  and  Manchester  railwaji 
Mr.  Stephenson  adopted  a  new  S3rstem  of  forming  a 
firm  and  unyielding  seat  for  the  blocks.  Besides  making 
the  blocks  of  larger  dimensions,  he  employed  a  lever,  by 
whicli  he  lifted  the  block  a  certain  height,  and  thai  lei 
it  fall  into  its  seat  upon  the  coating,  throwing  in  at  tbe 
same  time,  upon  the  seat  of  the  block,  small  ashes  or 
sand,  to  form  a  uniform  and  even  bed.  The  impact  of 
the  block,  thus  lifted  up  and  let  fall  into  its  seat,  was  in- 
tended  to  be  greater  than  the  effect  of  the  pressure  of 
the  wheels  of  the  carriages  in  compressing  the  coating ; 
and,  therefore,  he  expected,  when  once  a  seat  was 
formed  by  the  block  itself,  more  compressed  and  con- 
solidated than  it  could  be  by  the  weight  of.  the  car- 
riages, the  latter  in  practice  would  have  no  effect  in 
depressing  the  block ;  and,  consequently,  a  uniformly 
level,  and  permanently  unyielding  road  woidd  be 
formed.  If  the  size  of  the  block  be  two  cubic  feet, 
the  force  of  the  impact,  if  the  stone  be  lifled  one  foot 
high,  will  be  equal  to  the  pressure  of  two  tons. 

We  must,  however,  in  this  place,  observe,  that  great 
care  is  requisite  to  form  a  firm  and  solid  seat  for  the 
block,  the  sand  must  be  so  spread  amongst  the  inter- 
stices of  the  broken  coating,  as  to  make  the  block  bear 
equally  upon  its  entire  base  ;  otherwise,  it  will  rest  upon 
the  points  of  the  broken  pieces  of  the  coating,  and,  when 
once  seated,  the  block  must  not,  in  the  least  degree,  be 
disturbed  in  laying  down  and  keying  the  rails.  On  em- 
bankments, not  perfectly  consolidated,  this  plan  of  seating 
the  blocks  is  rendered  abortive  by  the  least  shrinking ; 
and,  consequently,  on  such  ground,  transverse  wooden 
sleepers  and  longitudinal  wooden  rails  are,  generally,  laid 
down,  until  the  embankment  becomes  perfectly  consoli- 
dated. When  the  blocks  ai*e  properly  set,  and  the  base  of 
the  railway  perfectly  solid,  this  plan  forms  a  very  firm  and 
stable  line  of  railway ;  yet,  when  the  heavy  engines  pass 
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over  the  blocks,  we  find,  in  practice,  they  yield  or  com- 
press the  coating,  to  a  certain  extent ;  and  we  likewise 
find,  that  the  lurching  or  vibration  of  the  carriages  tends 
to  displace  the  blocks  from  their  seat,  and  that  manual 
labour  is  still  required,  by  forcing  ashes  or  sand  under- 
neath, to  keep  them  at  their  proper  leveL  We  have 
deemed  these  observations  on  the  principles  of  the  dif- 
ferent modes  previously  practised  of  laying  down  rail- 
ways, necessary,  in  order  that  we  may  shew  the  defects 
which  it  is  the  object  of  Mr.  Brunei's  plan  to  remedy. 

§  2. — Description  €fMr.  BrunePs  Plan  of  Railway. 

Figs.  1,  2,  S,  and  4,  Plate  XIII.  shew  a  plan  and 
different  sections  of  Mr.  Bruners  plan  of  railway,  which, 
it  will  be  seen,  in  some  degree  resembles  the  plan  of  the 
old  wooden  railway,  a,  b,  c,  d,  e,  f,  and  c  h,  are  the 
longitudinal  rails  forming  the  railway;  these  longi- 
tudinal rails  are  fourteen  to  fifteen  inches  broad,  and 
six  or  seven  inches  thick,  and  are  made  of  American 
pine,  a  h\  a  h\  and  c  d\  c  d\  are  double  transverse  ties 
or  sleepers,  which  are  each  six  inches  in  breadth  and 
seven  inches  deep ;  and  e  f  single  transverse  ties  or 
sleepers,  which  are  six  inches  in  breadth,  and  nine 
inches  deep.  These  sleepers  are  stretched  across  the 
line  of  railway,  and  to  them  the  longitudinal  rails  are 
secured ;  1,  2,  3,  4,  5,  and  6  are  piles  which  in  the 
cuttings  are  from  nine  to  fourteen  feet  in  length, 
according  to  the  nature  of  the  material,  and  in  the 
embankments  twelve  to  thirty  feet,  or  of  such  a  length 
as  that  they  will  reach  from  the  base  or  formation 
line  of  the  railway,  six  to  eight  feet  into  the  original 
surface  of  the  ground.  The  cross  ties  are  American 
pine,  and  the  piles  of  beech. 

The  plan  of  construction,  or  of  forming  the  railway, 
is  as  follows  }  the  piles  are  driven  at  intervals  of  every 
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fifteen  feet,  as  shewn  in  the  drawings  and  in  the  middle 
between  the  longitudinal  rails.     In  cuttings,  they  are 
driven  from  eight  to  ten  feet  into  the  ground,  below  the 
level  of  the  cross  sleepers ;  and  on  embankments,  thej 
must  be  of  such  a  length,  as  to  be  driven  about  the  same 
depth,  or  seven  or  eight  feet  into  the  original  ground 
Upon  an  embankment  of  three  feet,  they  must  be,  there- 
fore, ten  or  twelve  feet  long ;  six  feet,  thirteen  to  fourteen 
feet  long ;  and  so  on,  according  to  the  height  of  embank- 
ment, and  the  kind  of  subsoil  into  which  they  are  to  be 
driven.     These  piles  are  always  to  be  driven  to  the  exact 
depth  required,  no  part  of  the  head  is  allowed  to  be  cut 
off,  but  if  the  pile  does  not  drive  to  the  proper  depth,  it 
must  be   drawn  and  driven  again.      This   is  for  the 
purpose  of  being  certain,  that  they  have  sufficient  hold 
of  the  ground  ;  near  the  head  of  these  piles,  as  shewn  at 
1,  2,  3,  4,  5,  6,  Fig.  1,  and  at  b  l/f,  and  d  d^  Fig.  2.    A 
square  shoulder,  of  1^  inches,  is  made  on  one  side  of 
the  piles,  for  the  single  ties,  and  on  both  sides  of  the 
piles,  1 ,  2,  5,  6,  for  the  double  ties.     The  ties  or  cross 
timbers  are  let  into  these  shoulders,  and  they  are  firmly 
bolted  to  the  piles,  as  shewn  in  the  drawings.     The 
double   cross  timbers,  are  laid  down  thirteen  inches, 
and  the  single   timbers  nine  inches,   below  the   line 
of  the  rails.     Between  the  double  timbers,  as  shewn 
at  ff  ff9  Fig.  1,  and  also  at  all  the  other  points,  where 
the  longitudinal   rails   intersect   the  cross  timbers,    a 
piece  of  wood  is  interposed,  which  is  pinned  to  the 
cross  timbers,  and  upon  which  the  longitudinal  rails 

rest. 

The  longitudinal  rails  are  then  laid  down  upon  the 
cross  timbers,  the  upper  surface  of  which  is  three 
inches  below  the  surfkce  of  the  iron  rails ;  they  are 
bolted  to  the  cross  timbers,  with  screw  bolts,  and 
washers,  as  shewn  dt  n  n  n  n,  Fig.  1,  and  by  a  larger 
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scale  in  Fig.  5  ;  ^y  being  the  cross  timber,  and  a  b,  the 
longitudinal  timbers ;  the  latter,  it  will  be  seen,  is  let  into 
the  cross  timber  a  littJe,  the  single  cross  timbers  being 
deeper  than  the  double  cross  timbers.  The  head  of 
the  bolt  and  washer  is  countersunk  into  the  upper 
surface  of  the  longitudinal  rail,  as  shewn  in  the  figure. 
One  of  these  bolts  is  put  in  at  each  of  the  points  of 
intersection  of  the  longitudinal  rails  with  the  single 
cross  timbers,  and  two  bolts  at  each  of  the  points  of 
intersection  with  the  double  timbers. 

We  see,  therefore,  that  the  longitudinal  rails  or 
timbers  are  firmly  bolted  to  the  cross  timbers,  or 
sleepers,  and  the  latter  to  the  piles.  On  all  straight 
lines,  the  whole  is  laid  perfectly  horizontal,  transversely, 
and  in  the  plane  of  the  proposed  line  of  railway  longi- 
tudinally. Upon  curves,  an  inclination  inwards  is  given 
to  the  cross  timbers,  depending  upon  the  radius  of  the 

curve,  or  finches,  r  being  the  radius  of  the  curve  in  miles. 

R 

When  all  this  is  accomplished,  viz.,  when  the  piles 
are  firmly  driven,  the  cross  timbers  bolted  to  them,  and 
the  longitudinal  timbers  bolted  to  the  cross  timbers ; 
then  sand,  or  finely  screened  gravel,  is  beat,  or  packed 
underneath  the  longitudinal  timbers,  until  a  base  or 
bed  is  made  for  them  to  rest  upon,  perfectly  firm,  solid, 
and  compact.  This  is  done  with  beaters,  as  shewn  in 
the  following  sketch. 


The  packing  being  carried  on  by  two  men,  working  on 
the  opposite  sides  of  each  timber,  so  as  to  beat  against 
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each  other.  The  beatiiig  is  coDtinued  imtil  no  num 
can  be  beaten  in  at  any  part,  and  until  the  timbers  an 
strained  up  ^  inch  or  f  indi,  according  to  Uieir  thick 
nessy  or  until  tliey  assume  something  like  the  following 
figure. 


The  cross  timbers  are  also  well  packed  up  underneath, 
and  on  the  sides,  and  the  spaces  between  the  double 
timbers  well  rammed. 

When  the  timbers  liave  all  been  thoroughly  packed 
up,  and  rammed,  and  strained  to  the  utmost,  and  the 
general  leveb  of  the  whole  found  to  be  correct,  then 
the  upper  sur&ce  of  the  longitudinal  timbers  is  adzed, 
or  planed  down  to  one  uniform  surface.  A  plank  of  hard 
wood,  American  elm,  oak,  or  ash,  about  1^  inches  thick, 
and  8  inches  broad,  shewn  atrg'  Fig.  5,  is  then  laid  upon 
the  longitudinal  timbers,  the  upper  surface  being  sloped 
inwards  at  an  angle  of  1  in  20.  This  hard  wood  plank  is 
laid  on  with  a  good  thick  bed  of  tar,  (the  upper  surface  of 
the  sofl  wood  being  scraped  clean,)  and  nailed  down  with 
two,  shilling  nails,  these  nails  being  driven  in  two  parallel 
rows  2^  and  5^  inches  apart  on  each  timber,  so  as  not 
to  interfere  with  the  bolts  ;  the  heads  of  the  nails  are 
well  punched  in,  to  allow  of  planing  the  wood.  The 
surfaces  of  all  joints,  and  butts,  and  the  whole  of  the 
bottom  and  sides  of  the.  longitudinal  timbers  ;  all  bolts, 
washers,  keys,  spikes,  and  nails,  and  all  other  iron  work, 
are  well  tarred. 

Fig.  6.  shews  a  section  of  the  rail  used,  whidi  weighs 
from  4i3  to  44  lbs  per  yard,  and  which  rests  upon,  and 
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is  secured  to  the  hard  wood  plank,  and  timbers  of  the 
longitudinal  sills,  in  the  following  manner. 

The  upper  sur£u:e  of  the  hard  wood  is  planed,  and 
levelled ;  the  iron  rails  are  then  laid  down  perfectly 
straight,  and  fitting  each  other  at  the  joinings  correctly. 
A  space  is  allowed  at  each  joint,  for  tlie  expansion  and 
contraction,  and  the  joints  are  made  to  correspond  witli 
each  other  on  opposite  sides  of  the  railway.  The  rail  is 
fastened  to  the  hard  wood,  and  longitudinal  sills,  by 
screw  bolts,  a  piece  of  felt  being  interposed  between  the 
base  of  tlie  rails  and  the  timber.  The  outside  screws 
have  square  heads,  but  the  inside  screws  are  made  with 
countersunk  heads,  on  account  of  the  flanch  of  the 
wheel.  They  vary  in  length,  according  to  the  thickness 
of  the  hard  wood,  the  scroll  of  the  screw  being  very 
deep,  to  retain  a  firm  hold  of  the  timber. 

The  outside  screw  is  tightened^  until  the  rail  fits 
close  to  the  timber,  the  inner  one  is  next  screwed  as 
tight  as  possible ;  a  roller^  weighing  about  ten  tons,  is 
then  passed  two  or  three  times  along  the  rails,  which  is 
followed  close  by  the  screwing,  and,  consequently,  the 
bolts  are  thus  much  more  firmly  screwed  than  could  be 
done  by  any  screw-driver  alone. 

As  shewn  in  Fig.  5,  the  rails  have  a  slight  bevel 
inwards. 

The  width,  or  gauge,  of  the  railway,  is  7  feet 
9\  inches,  from  centre  to  centre  of  the  rails ;  and 
the  width,  between  the  centres  of  the  inside  rails,  is 
6  feet. 

On  an  examination  of  the  details  of  this  plan  of 
forming  a  railway,  it  will  be  seen  that,  except  in  the 
piling,  it  does  not  materially  differ  from  the  principle  of 
the  old  wooden  railways,  or  from  some  of  the  wooden 
railways  laid  down  in  the  United  States.  The  plan  of 
using  piks,  however,  constitutes  the  difference  in  prin-* 
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ciple  between  those  plans  and  that  of  Mr.  Brunei,  and 
it  certainly  is  a  most  important  difference.  We  have 
before  remarked,  that  in  the  old  wooden  railways,  and 
in  those  of  America,  the  consolidation,  and  firmness  of 
the  base  of  the  railway,  depends  upon  the  action  of  the 
weight  of  the  carriages,  and  of  the  weight  of  the  timbers, 
and  sleepers.  Mr.  Brunei  goes  beyond  this,  he  em- 
ploys the  retaining  power  of  long  piles,  driven  into  the 
earth,  to  hold  down  the  rails  and  sleepers  ;  and  relying 
on  the  retaining  power  of  these  piles,  he  throws  an 
upright  vertical  strain,  or  pressure,  against  the  base  of 
the  rails,  to  counteract  the  effect  of  tlie  weight  of  the 
wheels  of  the  caniages  upon  the  rails.  This  is  the  prin- 
ciple of  his  railway,  and  it  is  necessary,  for  the  perfec- 
tion of  this  plan,  that  the  timbers  should  be  packed  up, 
until  they  are  considerably  strained  or  sprung,  or  until 
they  have  a  considerable  pressure  upwards  ;  the  whole 
stability,  or  superiority,  of  this  railway,  over  other 
wooden  railways,  therefore,  depends  upon  the  retaining 
power  of  these  piles.  Mr.  Brunei  calculates,  that  he 
throws  a  pressure  upwards,  against  the  base  of  the 
longitudinal  timbers,  equal  to  about  one  ton  to  the  foot 
forward  ;  which  will  be  nearly  equal  to  one  ton  per 
square  foot,  or  three  tons  for  each  three-feet  length  of 
rail.  The  weight  of  a  stone  block,  containing  four  cubic 
feet,  is  only  about  equal  to  a  quarter  of  a  ton,  which  will 
be  the  pressure  for  each  three-feet  rail.  The  relative  pres- 
sure, therefore,  on  the  base  of  the  support  of  each  three 
feet  of  rail,  is  much  greater  in  Mr,  Brunei's  plan,  than 
in  the  common  stone  blocks.  But  we  have  previously 
seen,  that  the  force  of  impact  of  the  stone  block,  in 
forming  the  seat,  is  equal  to  two  tons  ;  and  therefore,  if 
these  calculations  are  correct,  and  Mr.  Brunei's  piles 
are :  capable  of.  sustaining  a  pressure  of  one  ton  upcm 
each  foot  of  rail,  the  relative  d^ee  of  consolidation  of 
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the  material  forming  the  support  for  each  rail  is  as 
3  :  2  in  favour  of  Mr.  Brunei's  plan,  so  long  as  the  piles 
retain  their  hold  of  the  ground.  This  calculation  gives, 
reckoning  one  ton  for  each  foot  of  rail,  a  pressure  upon 
each  pile  equal  to  thirty  tons,  without  taking  into 
account  any  vertical  pressure  upon  the  cross  timbers. 

Until  the  embankments  are  perfectly  consolidated, 
Mr.  Brunei  does  not  fasten  the  longitudinal  timbers  to 
the  piling ;  although,  out  of  twenly-two  miles,  laid  down 
upon  this  principle,  there  are  only  two  miles  upon  which 
this  has  been  obliged  to  be  left  unfinished.  The  stiffness 
of  the  timber,  in  such  cases,  as  in  the  old  wooden,  or 
American  railways,  forms  the  support  to  the  wheels ; 
but  Mr.  Brunei's  rails,  and  cross  timbers,  being  so 
firmly  united  together,  constitute  a  more  firm  railway, 
than  either  the  old  wooden,  or  any  of  the  American 
railways,  tliat  we  have  seen  described.  The  wliole  of 
the  timber  is  Kyanised,  the  consumption  of  pine  timber, 
per  mile,  is  about  420  loads,  and  forty  loads  of  hard 
wood,  six  tons  of  iron  bolts,  and  30,000  wood  screws, 
per  mile,  of  railway. 

The  result  of  the  trial,  made  upon  a  portion  of  this 
railway,  has,  we  are  informed,  been  most  satisfactory ; 
both  as  to  its  stability,  and  to  the  firmness  with  which 
it  supported  the  locomotive  engine,  and  carriages. 

§  3. — Mr.  Harrison^s  Engine  for  the  Great  Western 

Railway. 

It  being  the  professed  intention  of  the  Great  Western 
railway  company,  to  travel  with  passengers,  at  a  greater 
rate  of  speed  than  has  been  yet  accomplished  ;  it  became 
necessary  that  the  locomotive  engines  for  that  railway 
should  be  constructed  somewhat  differently  from  the 
ordinary  engines,  and  should  be  adapted  for  higher 
rates  of  speed.    The  driving  wheels  of  the  engineai 
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upon  the  Liverpool  and  Manchester,  Grand  Junction,  and 
London  and  Birmingham  railways,  are  generally  five  feet 
in  diameter,  as  will  be  seen  in  the  table  of  the  dimenskns 
of  engines.  At  high  rates  of  speed,  the  piston  moves  it 
an  extremely  quick  rate,  far  beyond  that  wbic^h  giva 
a  maximum  effect ;  it,  therefore,  required,  for  the  nte 
of  speed  proposed  to  travel  on  the  Great  Western  rail- 
way, either  that  the  driving  wheels  should  be  increased 
in  diameter,  or  that  the  ordinarily  sized  wheels  should 
move  more  than  one  revolution  for  each  stroke  of  the 
piston.  Mr.  Brunei  has  had  some  of  the  engines  made 
with  driving  wheels  eight  feet  in  diameter,  and  has  ordered 
some  with  wheels  ten  feet  in  diameter. 

To  shew  the  velocity  of  the  piston  at  different  rates 
of  speed,  with  differently  sized  driving  wheels^  we  have 
made  out  the  following  table. 


Table  I. 

Rate  of  speed 
in  miles  per  hour. 

Vdocity  of  piston  in  feet  per  minute;  with  driTiog  wbesb 
of  different  diameters ;  stroke  of  piston  18  inoiics. 

5  feet. 

6  feet* 

7  feet. 

8  feet. 

Qfeot. 

lOfeeC 

ISftci. 

20  miles  an  hour 

feet, 
336' 3 

feet. 
280*2 

feet. 
240*1 

/set. 
210-1 

feet. 
170*7 

feet. 
157*7 

JktL 
112*0 

25 

ditto 

420*3 

350*3 

300*1 

262*6 

224-6 

209*6 

140*0 

SO 

ditto 

504*4 

420*3 

360*1 

315*1 

269*5 

S51*6 

168*0 

35 

ditto 

588'5 

490*4 

420*1 

367*6 

314-4 

293*5 

196*0 

40 

ditto 

672*6 

560*4 

480*2 

420*2 

359*4 

335*5 

994-0 

45 

ditto 

756*6 

630*5 

540*2 

472*7 

404*3 

377*4 

S52*l 

50 

ditto 

840-7 

700*6 

600*2 

525*2 

449*2 

419*3 

S80*l 

55 

ditto 

924' 7 

770*6 

660*2 

577*7 

494*1 

461*2 

aot'i 

60 

ditto 

1008*8 

840*7 

720*3 

• 

630*2 

539*0 

503*3 

339*1 
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Considering  that  220,  or  240  feet  per  minute  is 
assigned  by  Mr.  Watt,  and  otlier  engineers,  as  the  rate 
of  velocity  for  the  piston  of  an  engine  working  with  a 
maximum  effect,  we  see  the  great  variation  from  tliat 
rate  of  speed,  in  locomotive  engines,  at  the  higher  velo- 
cities, with  wheels  of  five  and  six  feet  diameter ;  and 
we  must  not  overlook,  that  Mr.  Watt's  standard  of 
velocity  was  with  engines,  the  length  of  stroke  of  which 
was  very  much  greater  than  that  of  the  locomotive 
engines,  and,  consequently,  the  number  of  alternations 
of  the  piston  were  much  fewer. 

With  wheels  of  ten  feet  in  diameter,  the  velocity  of 
the  piston  is  reduced  nearly  to  the  proper  standard ; 
but  wheels  of  so  large  a  diameter  are  very  cumbrous, 
and  heavy,  and  produce  a  very  considerable  strain  upon 
the  axles. 

Mr.  T.  E.  Harrison,  engineer  to  the  Stanhope  and 
Tyne  railway,  has  obtained  a  patent  for  an  engine  to 
obviate  these  inconveniences,  and  objections,  the  driving 
wheels  of  which  make  three  revolutions  for  one  entire 
stroke  of  the  piston  ;  and  these  wheels  being  five  feet  in 
diameter,  tliey  are  equivalent  in  speed  to  one  wheel 
fifteen  feet  in  diameter.  The  last  column  in  the  table 
will,  therefore,  shew  the  velocity  of  the  piston,  at  the 
different  rates  of  speed  of  this  engine,  which,  it  will  be 
seen,  are  not  above  the  standard,  when  the  velocity  is 
under  forty  miles  an  hour.  As  this  engine  in  many  re- 
spects difiers  from  those  at  present  in  use,  we  have 
given  a  drawing  of  one,  built  by  Messrs^  Hawthorn  of 
Newcastle-upon-Tyne,  for  the  Great  Western  railway. 

Figs.  7aod  8^  Plate  XI JL  are  an  elevation  of  part  of 
this  engine,  the  boiler,  and  apparatus  for  generating 
the  steam,  .bemg  placed  upon  one  carriage,  and  the 
cylinders,  and  machinery,  for  propelling  the  engine^ 
upon  aaother  carriage  ^  each  of  which  is  supported  by 

3a 
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four  wheels,  b.  Fig.  8,  is  a  part  of  the  boiler,  which 
is,  in  every  respect,  tlie  same  as  that  shewn  in  Fig.  1, 
Plate  XL;  la  IT  being  the  chamber,  at  the  cliimncy- 
end  of  the  boiler,  m  the  chimney,  and  t  the  discharging 
or  blast  pipe,  a.  Fig.  7,  is  one  oif  the  cylinders,  which  is 
placed  horizontally  upon  a  bed  plate,  12344';  the  other 
cylinder  being  placed  in  the  same  position,  parallel 
thereto,  and  on  the  same  plane,  and  upon  a  similar  bed 
plate  on  the  opposite  side.  Upon  the  same  plane,  and 
in  a  line  witli  the  centre  of  the  cylinders,  an  axle  is 
placed,  working  up  and  down  between  the  cheeks  of 
the  bed  plates,  2  3,  one  end  of  which  is  shewn  at  5". 
Tliis  axle  has  a  crank  at  each  end,  corresponding  with  the 
line  of  centre  of  each  cylinder,  5  5  exhibiting  the  piston 
and  piston  rod,  and  5  5'  the  connecting  rod,  5'5''  being 
the  crank  at  one  end  of  this  axle ;  the  crank  at  the 
other  end  of  this  axle,  and  the  connecting  rod,  being 
attached  to  the  piston  of  the  other  cylinder,  in  the 
same  manner ;  the  two  cranks  being  placed  at  right 
angles  with  each  other.  Upon  the  middle  of  this  axle, 
the  large  cc^-wheel,  g,  is  fixed,  which  works  the  small 
wheel,  or  pinion,  f,  fixed  upon  the  axle  of  one  of  tlie 
supporting  w*heels,  w.  When,  therefore,  the  axle  and 
wheel,  G,  are  turned  round  by  the  pistons,  the  travelling 
wheels,  w,  are  likewise  turned  round,  and,  of  course, 
produce  a  progressive  motion  to  the  engine.  The 
wheel,  G,  is  three  times  the  diameter  of  the  pinion,  f, 
and,  consequently,  the  wheel,  w,  makes  three  revolu- 
tions, for  one  revolution  of  the  axle,  5^,  and,  of  course, 
for  one  entire  stroke  of  the  pistons. 

The  travelling  wheels,  w,  being  five  feet  in  diameter, 
die  velocity  communicated  will,  therefore,  be  the  same 
as  that  of  a  fifieen-feet  driving  wheel,  worked  directly  by 
tlie  pistons. 

The  axle,  5%  and  chairs,  on  w  liich  it  rests,  are  not 
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fixed  to  the  iron  framing,  2  3,  but  slide  up  and  down 
with  the  bearing  axle,  6.  To  accomplish  this,  the  chair 
of  the  axle,  5"j  is  connected  with  the  chair  of  the 
axle,  6,  of  the  travelling  wheels,  by  an  iron  strap,  pass- 
ing round  both  chairs,  shewn  by  the  dotted  lines  at^ 
the  other  end  being  secured  by  a  key,  f'^  An  upright 
stud,  or  pillar,  a,  supports  the  chair  of  the  axle,  5\  and 
rests  upon  the  upper  side  of  the  chair  of  the  axle,  6 ; 
when  the  key,^^,  is,  therefore,  driven,  the  strap  firmly 
secures  both  the  chairs,  and  the  pillar,  a,  together ;  and 
by  this  method,  the  axle,  5^  partakes  of  the  motion  of 
the  travelling  axle,  6 ;  and  the  teeth  of  the  two  wheels 
are  thus  always  kept  in  contact  with  each  other,  and 
are  not  affected  by  the  undulation  of  the  road. 

c.  Fig.  8,  is  the  steam  pipe,  leading  from  the  steam 
chamber  of  the  boiler,  along  which,  and  by  the  pipe,  d, 
the  steam  is  conveyed  to  the  cylinders  ;  e  «,  Fig.  7»  i« 
the  slide  for  communicating  the  steam  to  the  cylinders, 
as  explained  in  Fig.  1,  Plate  XLj  z  being  the  dis- 
charging  aperture.  Afler  the  steam  performs  its  oper- 
ation  in  the  cylinders,  it  passes  along  the  pipe,  e,  into 
the  pipe,  1 1,  through  which  it  is  discharged  into  the 
chimney.  The  plan  of  working  the  slides,  for  passing 
the  steam  into  the  cylinders,  is  by  one  eccentric  for 
each  cylinder,  working  upon  the  axle,  5\  and  commu- 
nicating with  the  arm,  r  t,  which  works  the  slide,  e  e. 
Upon  the  axle,  r,  the  arm,  or  handle,  h,  is  fixed,  to 
enable  the  engine-man  to  work  the  slides  by  hand  ;  and 
the  eccentric  is^  thrown  in  and  out  of  geer,  by  the 
lever,  k. 

The  two  carriages  are  fastened  together  by  the  bar,  o, 
but,  to  compensate  for  the  motion  between  the  two 
carriages,  a  peculiar  kind  of  joint  is  used  for  the  steam 
pipe,  D,  and  the  discharging  pipe,  e.  FHg.  9  shews  the 
form  of  joint  used,  which  is  a  hollow  universal  joint ; 
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bb  i&a  short  pipe,  which  is  fastened  to  the  cylinders  bjr 
the  flancli,  bb ;  hhis  the  flanch  of  the  pipe,  fastened 
to  the  boiler;  and  these  are  connected  by  the  two 
short  pipes,  c  c,  and  d  dj  botli  of  which  are  provided 
with  a  globular  joint  at  oo^  and  ft.  To  compensate  for 
any  horizontal  motion,  or  any  lengthening*  or  shorten* 
ing  of  the  coupling  of  the  two  carriages,  the  ]Mpei  di^ 
is  enlarged  in  diameter  at  d'  d\  leaving  a  space  between 
it  and  the  pipe,  c  c,  which  is  filled  with  hemp 
packing.  A  gland,  n  n,  working  in  the  usual  way,  is 
screwed  upon  this  packing,  keeping  the  joint  steam 
tight,  and  allowing  a  horizontal  motion,  or  len^liening, 
or  shortening,  of  the  pipe,  when  necessary.  To  aUow 
of  a  circular  motion,  the  end  of  the  pipe,  cc,  at  o  o,  is 
globular,  and  also  the  end,  it',  of  the  pipe,  dd  ;  tlie  ends 
pf  the  pipes,  b  ^,  and  h  h,  have  a  vertical  flange,  to 
which  are  screwed,  the  rings,  2^2  and  3^3';  these  rings 
are  not,  however,  screwed  close  to  the  flanges  of  tlie 
two  pipes,  h  h,  and  b  6,  but  a  space  is  left  of  about  two 
inches,  as  shewn  at  vv.  Within  this  space,  metallic 
ring  packing  is  laid,  which  is  screwed  down  upon  the 
outside  of  the  globular  end  c^  the  pipes,  by  the  screws, 
pPf  and  thus  forms  a  steam-tight  joint ;  and  tlie  circular 
or  globular  end  of  the  pipes,  o  o,  and  u*,  allows  of  a  motion 
in  any  direction,  the  same  as  in  a  ball  and  socket  joint 
The  end,  v  v,  shews  the  space,  without  the  packing, 
and  the  end,  o  o,  witli  the  packing,  screwed  down  hypp, 
and  in  contact  with  the  pipe« 

It  being  of  great  importance  to  the  perfection  of  this 
plan  of  engine,  that  the  teeth  of  the  wheels,  g,  and  F, 
should  work  smoothly,  and  without  jarring  or  shaking ; 
Mr.  Harrison  has  adopted  a  plan  to  tighten  the  teeth, 
in  case  tliey  become  loose  by  being  worn,  and  especially 
to  counteract  the  effect  of  wliat  is  called  the  ^'  back 
lash  "  of  tlie  teeth,  in  a  change  of  motion,  or  to  prevent 
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the  sliock  occasioned  by  any  play  in  the  teeth,  when  the 
motion  is  reversed.  To  accomplish  this,  Mr.  Harrison 
adopts  a  double  row  of  teeth,  as  shewn  in  Figs.  10  and 
^^i  99  being  one  of  the  sets  of  teeth,  and  mm  the  other* 
h  is  the  axle,  upon  which  the  wheel  or  pinion,  f.  Fig.  7j 
is  fixed.  But,  it  will  be  observed,  that  one  only  of  the 
breadths  of  teeth  is  fixed  to  the  axle,  viz.  that  part 
shewn  hy  mm^  m'  m\  and  which  is  fixed  to  the  axle 
by  the  keys,  4  4,  seen  also  in  Fig.  12.  The  other 
half  of  the  teeth,  ff  9^  is  fitted  accurately  to  the 
part  m^  mly  but  it  is  allowed  to  move  round  it,  for 
the  purpose  of  tightening  the  teeth ;  and  this  is  done 
in  the  following  manner.  6,  Fig.  12,  shews  the  axle ; 
m  ivl  is  that  part  of  the  pinion  fixed  to  5,  by  the 
driving  keys,  44  ;  a  tapered  key,  1,  shewn  also  at  1  1  in 
Fig.  11,  is  fixed  upon  the  part  m'm';  two  keys  2  2', 
and  3  3',  work  against  the  key  11,  shewn  in  Fig.  11 ; 
the  key  2  91  being  drawn  outwards  by  the  screw  2^,  and 
the  key  3  3'  hexng  farced  inwards  by  the  screw  3'.  Both 
these  keys,  as  will  be  seen  in  Fig.  11,  are  tapered  or 
diminished  in  thickness,  2^  outwards,  and  3"  inwards ; 
the  part  m'  m\  being  fixed  to  the  axle,  and,  likewise, 
the  key  1 1,  and  the  ^9xt  g^  being  at  liberty  to  turn 
round.  When,  therefore,  the  key  2  2'  is  drawn  outwards 
by  the  screw,  2^,  and  the  key,  3  3^,  is  pushed  inwards  by 
the  screw,  3%  the  part  g  i^  will  be  turned  round  by 
means  of  the  fixed  key  1  1.  This  will  throw  the  teeth, 
gg'z,  little  out  of  the  line  of  the  teeth,  m  m;  and,  there- 
fore, prevent  any  play  which  may  take  place  by  the 
"wear  of  iht  teeth  ;  the  teeth,  m  m,  working,  or  being 
driven  by  tlie  wheel,  g,  in  one  direction  of  the  motion, 
and  the  teeth,  g  g^  in  the  other  direction. 

The  wheels  w  and  V,  are  coupled  together,  to  obtain 
the  adhesion  of  the  whole  weight  of  the  carriage. 
Fig.  7 ;  and  they  are  supported  by  the  springs,  s  s,  in 
'the  usual  way.  .  The  water  tank,  .r,.  is  placed  undet- 
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neath  the  boiler,  and  the  pump  for  suppl3ring  the  boiler, 
shewn  at  f,  is  worked  from  one  of  the  axles,  supportuig 
the  boiler  carriage,  by  the  cross  head,  rr'  ;  p  being  the 
pipe  leading  to  the  boiler. 

Besides  effecting  a  slow  motion  of  the  piston,  at  high 
rates  of  speed,  Mr.  Harrison  expects,  by  this  plan  of 
engine,  to  effect  a  considerable  reduction  in  tlie  annual 
expense  of  repairs  of  the  machinery.  On  examining 
the  account  of  the  repairs  of  the  Stanhope  and  Tyiie 
railway  engines,  (notes  I  and  K,  Appendix,)  it  will 
be  seen,  that  a  very  large  proportion  of  the  expense 
consists  of  tlie  labour  of  taking  the  machinery  to  pieces, 
and  replacing  it  when  repaired ;  and  which  is  occa- 
sioned, almost  entirely,  by  the  machinery  bein^  crowded 
into  so  small  a  space  undeiiieath  the  boiler.  By  thb 
plan  tlie  machinery  is  much  more  accessible,  and  con- 
stantly under  the  eye  of  tlie  engine-man ;  therefore, 
when  any  part  of  the  machinery  gets  out  of  order,  it 
can  easily  be  replaced  ;  and  when  repairs  are  necessary, 
the  whole  of  the  machinery  is  quite  accessible  to  the 
workmen.  One  of  these  engines,  constructed  as  shewn 
in  tlie  drawing,  and  another  without  the  cog-wheels, 
and  with  the  driving  wheel,  w,  ten  feet  in  diameter, 
have  been  furnished  by  Messrs.  R.  and  W.  Hawthorn, 
of  Newcastle,  for  the  Great  Western  railway* 


About  twenty-four  miles  of  this  railway  from  London 
to  Maidenhead  having  been  completed,  on  tlie  1st  of 
June  an  experimental  trip  was  made  by  die  directors, 
and  several  of  their  friends,  preparatory  to  tlie  opening 
of  that  portion  of  the  line,  to  the  public  on  the  4th. 

The  engine  employed  on  this  occasion  was  No.  1 50» 
Table,  No.  1.  Page  352,  to  which  was  attached  a  train 
of  carriages  containing  nearly  200  passengers ;  witlx  this 
ti^aiui  the  engine  performed  the  journey  in  47  minutes^ 
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the  disUmce  being  22j  miles,  which  is  at  the  rate  of 
28  miles  an  hour.  About  an  hour  afterwards  another 
train  started^  and  performed  the  journey  in  44  minutes, 
which  is  at  the  rate  of  31  miles  an  hour  nearly.  In 
returning,  the  tim^  occupied  in  accomplishing  a  dis- 
tance of  21  miles  and  2  chains  was  35  minutes,  which 
is  at  the  rate  of  36  miles  an  hour. 

The  railway  was  opened  to  the  public  on  the  4th  of 
June,  and  it  is  not  only  creditable  to  Mr.  Brunei,  the 
engineer,  but  also  a  proof  of  the  stability  of  the  to>ad, 
and  the  perfection  of  the  machinery,  that  the  directors 
have  been  enabled  to  start  eight  trains  in  each  direction 
every  day,  and  that  these  trains  perform  the  journey 
with  the  greatest  regularity. 

We  had  an  opportunity  of  travelling  along  the  railway 
on  the  5th  of  June,  from  London  to  Maidenhead  and 
back,  with  one  of  the  regular  passenger  trains  ;  being 
the  Eton  Montem,  for  the  convenience  of  the  puUic, 
an  extra  carriage  was  attached  to  the  train,  which  con* 
sisted  of  three  first  class  carriages,  each  capable  of 
containing  24  passengers  ;  two  second  class  dose,  and 
two  open  carriages,  containing  from  24  to  30  passen- 
gers each ;  and  one  open  carriage  with  six  wheels  capable 
of  holding  50  to  60  passengers.  With  this  train  of 
carriages  in  which  were  upwards  of  190  passengers  we 
started  from  London,  the  following  table  will  show  the 
time  of  performing  the  journey  there  and  back  : 

Distance.  Time. 

Miles.     Chains.     H.  Min.  Sec. 

From  London  to  Drayton     -        -     13      3 

Stopped  at  Drayton  Station         -  -        - 

Ditto  at  Water  Station         -  -  - 

Ditto  at  Slough  Station        -  - 

From  Drayton  to  Maidenhead       -      9    40 


22     48 


0 

26 

22 

0 

3 

55 

0 

3 

0 

0 

3 

50 

0 

25 

10 

0 

51 

32 

3a  i 
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Dutanec.  TSme. 

MOes.     Chains.     H.  Min.  Set. 

IFrom  Maidenhead  to  Drayton       -       9     40  0     27    oO 


Stopped  at  Slough 
Ditto  at  Drayton 

-     13       3 

0 
0 

5    20 
2    10 

From  Drayton  to  London 

0 

26    50 

22     43 

0 

55    40 

The  average  rate  of  travelling  in  both  directions,  in 
the  above  trip  is  about  25  miles  an  hour,  but  it  must  be 
considered  that  a  great  loss  of  time  was  occasioned  by 
checking  the  speed  on  stopping  at  the  intermediate 
stations,  and  again  recovering  the  speed  at  starting; 
the  rate  being  upwards  of  SO  miles  an  hour,  when  not 
checked. 

Considering  therefore  the  disadvantages  imder  whicli 
the  above  experiment  was  made,  the  number  of  stop- 
pages, and  the  short  distance,  that  the  engine  had  also 
to  drag  an  extra  carriage,  and  that  no  attempt  was  made 
to  urge  the  engine  to  its  utmost  capabilities ;  it  appears 
quite  certain  that,  with  such  powerful  engines,  a  much 
higlier  rate  of  speed  will  be  accomplished  upon  tliis 
railway,  tlian  has  hitherto  been  attained,  especially  as  it 
did  not  appear  to  us  that  any  obstacle  existed  to  the 
higher  rate  of  speed  being  kept  up  without  difficulty. 
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Note  A. 

On  10th  May  1831,  on  the  Liverpool  line,  a  malleable  iron  rail,  fifteen  feet  lon^ 
carefully  cleaned,  and  weighing  177  lbs.  10^  os.,  was  laid  down.  On  10th  February 
1833  the  same  rail  was  taken  up  by  Mr.  J.  Locke,  then  resident  engineer  on  the 
line,  and  well  cleaned  aa'beibre,  and  weighed  176  lbs.  801.  It  had  consequently 
lost,  in  twenty-one  nx>nths,  a  weight  of  18^  os.  The  number  of  gross  tons  that  had 
passed  on  the  rail,  during  that  time,  was  estimated  at  600,000.  Thus  we  see  that 
with  so  considerabfe  a  tonnage,  and  with  the  Teloeity  of  the  motion  on  that  railway, 
the  annual  losi  of  the  rail  was  only  ^^  of  its  primitive  weight ;  so  that  it  would 
require  nugre  than  a  hundred  years  to  reduce  it  to  the  half  of  its  present  strength. 


Note  B. 

Given  the  area  of  section  of  a  railway  bar  below  the  neutral  axis,  to  find  the 
dimensions  of  the  lower  flanohy  ao  that  the  strength  shall  be  a  maximum ;  the  breadth 
of  the  middle  rib,  and  the  depth  of  the  lower  flanch,  being  also  given :  let  the  whole 
of  the  sectional  area  below 

nn        -.•••-         oia 
the  breadth  of  rib  pg    -    -  »        »  ai6 

the  depth »«        -  -        -        •       wd' 

thedepthof  lower  flanch  rs    -        -         mc 
4he  tension  of  the  lower  fibre        •        ^    w^t 
1.  To  find  first  the  expression  for  the  strength  of  the  middle  rib :  take  any  variable 

distance  x, 

tx 
then  d' :  ti',x\  -p.  ^tension  of  fibre  at  «  ; 

multiply  by  the  distance  x,  and  breadth  6,  and  we  have, 'for  the  sum  of  all  tlie 


/ 


—  5  jr'  dx  a  — __  x' .' 


d  Sd* 

this,  when  xad',  becomes  ^ cf  5 f. 

2.  To  find  an  expression  for  the  strength  of  the  lower  flanch :  let  the  breadth 
m6';  any  distance  from  nam jT; 

then  d'  I  tllx  I  -j~  atension  of  fibre  at  x; 
multiply  by  the  distance  x,  and  breadth  6' ;  we  have,  for  the  sum  of  all  the  resistances. 


/ 


Lb'x^dx; 
df 


this  taken  between  the  values  x»md'  and  xasd'— e  gives  resistance, 

3d'  \  9d>J 
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Note  D. 

Extract  from  **  Petition  of  proprieton  of  stage  coaches  employed  oa  the  tun- 
pike  roads  within  the  county  of  Lancaster,  and  traTelUng  in  tfae  foUowing  line  of 

roadsy  vis. 

Liverpool}  through  Warrington  td  Mancfacstcrv 

to  St.  Helens. 

— — —  to  Newton  and  Wigan* 
■  to  Lei^  and  Bolton. 
**  The  petitioners  take  leave  to  exhibit  the  following  faeU  and  atatcmcttls  «f 
calculations,  viz.  of  the  taxes  paid  to  government,  and  tolls  paid  to  the  oooouBiaBa 
of  the  turnpike  roads,  over  which  the  thirty-tlirce  coaches  travel  between  the  poinb 
Ixifore  stated,  and  the  cost  of  working  them  for  the  year  last  post.  Presental 
3d  May  1830." 

Duty  for  thirty-three  coaches  for  one  year  -  -  ;C  8,455  16  8 
Assessed  taxes  for  coach  servants  ...  261  O  O 
Mileage  for  twenty-six  coaches  to. 

Manchester,  at  13/.  4«.  per  day  j£  4,818     0    0 
pitto  for  four  coaches  to  Bolton, 

at  ]/.  15«.  per  day         >  -         638  15    O 

Ditto  for  two  coaches  to  Wigan, 

at  14«.  8c2.  per  day       -  -         267  13     4 

Ditto  for  one  coach  to  St.  Hdens, 

at  3#.  per  day         -         -  -  54  15    O 

£  5,779     3     4 


;£l 4,496     O    0 

Tolls  for  thirty-tlirec  coaches,  at  181.  lOt.  8d.  per  day     .        «         .     8,o05  13-    4 


Duty  and  tolls        -  -  -     jg  23^501   13    4 

BxnNSKS. 

Harness  for  709  horses,  at  4/.  per  year  each  -  j£  2,836    O    O 

Iron  and  labour  to  blacksmiths  for  709  horses,  at 

3/.  per  year  each  -  -  .  •       2,127     0     O 

Eighty-seven  men  as  ostlers,  &c.  at  J/,  per  week 

each  -  -  -  -  -       4,524    0     O 

Rent  of  stables  and  coach-offices  -  •        1,418    O     O 

Consumption  of  horses,  say  709  horses,  at  15/.  each 

to  be  renewed  every  three  year$  •  .         .        3,545     0     O 

Hay  and  com  for  709  horsds,  at  I5t.  per  week 

each  .......      27,651     0    O 

Straw,  at  2«.  6d.  per  week  each        ...       4,615    O    O 


£46,716    P    O 
Deduct  value  of  manure,  which  is  calculated  at  the 
price  of  straw        --«•.••       4,615    0    O 


42»10l     O    O 


Je64,009  1.S     4 
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Note  E. 

^emcmmda  relative  to  the  ExperimenU  made  at  Mr,  LainT*  works,  at  North  Bicken^ 
head^  wtM  Ae  new  Low  PreMntre  Boiler,  on  the  exhautting  principle  of  Meur$m, 
Braithwaite  and  Ericeeon,  6y  Alexander  Nimmo,  C.  E,,  Dublin,  and  Charlu^ 
B.  VignoleB,  C,  E,,  London, 

The  exhausting  apparatus  consisted  of  a  fan-wheel,  with  broad  radial  leaves,  revol- 
ving within  a  close  box  or  chamber,  placed  a  little  apart  from  the  boiler,  but  connec- 
ted with  it  bj  a  passage  leading  from  the  flues  traversing  the  boiler ;  a  short  tube 
aboipo  the  exbaosting  chamber  passed  out  to  the  atmosphere. 

The  furnace  was  attached  to,  and  placed  at  the  end  of,  the  boiler,  opposite  to  the 
exhausting  apparatus,  which  latter  being  put  to  work,  drew  through  all  the  turns  of 
the  boiler  the  hot  air  from  the  Are,  which  passed  over  the  throat  of  the  furnace  through 
the  bridge  flue,  and  then  successively  through  the  other  Ave  turns  of  tlie  flue  arranged 
through  the  boiler,  and  finally,  was  drawn  through  the  exhausting  chamber,  and 
passed  into  the  atmosphere. 

The  heat,  which  in  the  furnace  was  extremely  intense,  was  absorbed  by  the  water 
in  the  boiler,  as  the  air  rushed  through  the  flues,  and,  when  passing  up  the  tube  or 
funnel  fVom  the  exhausting  chamber,  was  so  far  cooled,  that  the  hand  and  arm  might 
be  placed,  with  impunity,  down  the  tube,  the  temperature  not  exceeding  180<*  of 
Fahrenheit. 

Not  the  slightest  smoke  was  perceptible* 


M    W»      All.  A   ■>.      AIS. 

f  2    0  deep.  [  f  ^     ^  deep. 

Furnace.  <2    6  long.      Ash  pit.  <2    6  long. 

[2     6  wide.  1. 2     6  wide. 


Ch«nber.    ^^    ^^^ 


The  following  are  the  principal  dimensions  measured :  — 

Ft  In.  Ft.  In. 

The   openings    of  the  fire-bars 

equal  to  about  half  the  area  of 

the  bottom, 
p  fl.  in. 

Outside     J  Diameter  of  exhausting  wheel    -30 

dimensions.   |  Breadth  of  the  same  -        -  0  10 

Bridge  flue  or  throat,  from  the  furnace,  S  f^  6  in.  broad,  4  in. 

wide,  2  f^.  deep         -  -  -  -  -  -  5 — 16  in.  iron  plale. 

First  turn  of  the  flue,  4  in.  wide,  2  ft.  deep,  2d,  3d,  4tb,  and 
5th  turns,  3  in.  wide,  2  ft  deep        -  -  -  -  ^  in.  iron  plates. 

Whole  length  of  the  flues  through  the  boiler         -        •         -  45  feet. 
Superficial  area  of  the  heating  surface  ...  247  square  feet. 

The  contents  of  the  water  in  the  boiler,  when  filled,  were  fh>m  85  to  90  cubic  feet. ' 
The  superficial  area  of  the  evaporating  sur&ce,  nearly  -   33  square  feet. 

The  proportion  of  the  heating  to  the  evaporating  surfi^e,  nearly  7}  to  1. 

q  f  3  ft  wide.  "I 

r^  ^*i!l    i^^'  10  in.  average  depth.  }  Containing  about  65  cubic  feet. 
unamDer.  j^  4  ^^  g  Jq,  i^ng.  J 

Diameter  of  the  safety  valve  very  nearly  five  inches,  being  nineteen  square  inches 
area,  which  was  loaded  for  a  pressure  df  4  lbs.  on  the  square  inch.  Giving  seventy, 
sis  for  the  load.  Of  thi%  66  lbs.  of  iron  were  placed  in  the  boiler,  and  10  lbs.  allowed 
as  the  weight  of  the  valve,  rod,  hook,  handle,  &c. 
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The  water  used  vas  the  salt  water  from  WaUasey  Pool,  and  filled  into  a  large  iroD 
tank,  the  area  of  the  surface  of  which  measured  82^  superficial  feet. 

The  boiler  was  placed  under  an  open  ahed ;  the  day  was  very  cold,  with  thidc  rain. 
No  engine  being  attached  to  the  boiler,  the  exhausting  apparatus  was  worked  br  a 
wheel  and  band  from  Mr.  Laird's  turning  engine.  The  velocity  of  the  circle  of  po^ 
cussion  of  the  leaves  of  the  exhausting  wheel  was  determined  to  be  about  ssrentj- 
seven  feet  per  second,  or  upwards  of  fifty-two  miles  an  hour.  Mr.  LAirdls  engine  is 
stated  to  be  a  four-horse  power.  No  determinate  measurement  was  made,  but  the 
engineers  present  computed,  that  the  power  iqpplied  to  turn  the  exhausting  whcdt 
was  equal  to  that  of  two  horses. 

The  fire  being  lighted,  the  steam  was  got  up  to  4  lbs.  pressure  in  forty-five  roioute^ 
with  a  consumption  of  2}  cwt.  of  coke.  The  expenditure  at  first,,  was  8  IbSr  per 
minute,  and  gradually  decreased  to  5  lbs. ;  averaging  about  6^  lbs.  per  minute  fbt 
getting  up  the  steam.  The  steam  began  to  rise  in  twenty-seven  minutes,  after  whkfa 
the  consumption  of  coke  was  little  more  than  5  lbs.  per  minute  ;  and  at  this  period 
there  would  have  been  a  suflicient  supply  of  steam  to  work  the  cylinders  of  sn 
engine. 

The  'coke  employed  was  gas  coke  of  very  bad  quality,  of  which  S^  cubic  fieec 
weighed  105  lbs.,  giving  30  lbs.  for  the  weight  of  a  cubic  fiM>t,  or  SOOO  lbs.  as  the 
weight  of  100  cubic  feet.  The  same  weight  of  St.  Helens'  coal  (that  principally 
used  in  steam-boats),  measured  sixty-three  cubic  feet.  The  cost  of  the  coke  used 
was  8«.  6d,  per  ton,  delivered  in  Liverpool ;  the  cost  of  smithy  coke  being  85s.  per 
ton,  of  which  3^  cubic  feet  weigh  115  lbs.,  giving  very  nearly  33  lbs.  for  the  weight 
of  a  cubic  foot. 

When  the  steam  was  up,  the  water  in  the  thick  glass-gauge  attached  to  the  boikr, 
standing  at  7^  inches,  the  two  men  stationed  for  the  purpose,  b^an  to  pump,  a  fresh 
supply  of  weighed  fuel  was  placed  on  the  floor,  and  the  following  observations  were 
made:-* 

Hours.  Minutes. 
At         3         32  b^^  to  pump. 

At        3        54^-16    cubic  feet  of  water  were  evaporated. 
At        4         12 — 27     cubic  fSeet  of  water  were  evaporated. 
At        4         Id — 38    cubic  feet  of  water  were  evaporated. 

And  2  cwt.  of  coke  consumed. 
At        4        32 — 41^  cubic  feet  of  water  were  evaporated. 

With  a  consumption  of  25S  lbs.  of  coke. 

From  which  it  appears,  that  only  6  lbs.  of  coke  per  cubic  foot  of  water  per  boor 
were  oonsomed,  and  the  evaporation  of  a  cubic  foot  of  water  per  hour  being  generaOy 
considered  the  measure  of  a  horse  power,  the  conclusion  ii,  that  the  boiler  was  a  Ibrcy 
horse  boiler,  and  that  the  quantity  of  fiiel  requisite  to  work  it  is  S^  cwt.  per  boar, 
the  expense  of  which  is  12}<f.,  and  as  the  consumption  diminishes  after  the  first  hour, 
the  expense  of  fuel  will  probably  not  exceed  Is,  per  hour  for  the  forty  hone  boQcr. 

(Signed)         ALxxANnui  Nooso,  C.  £. 
Waterloo  Hotel,  Liverpool,  CHAEues  B.  Vioxolbs,  C  £. 

29th  May  1830. 
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Note  F. 

SetHoH  of  the  SioeJkion  and  Dariington  Railway. 

The  port  of  this  railway  tniTelled  by  the  locomotiTe  engines,  begins  at  the  foot  of 
Brusselton  inclined  pUne,  at  an  elevation  of  383  feet,  one  inch  above  tlie  quay  at 
Stockton,  where  it  terminates,  after  passing  over  the  following  inclinations : — 

0*46  Miles.  -  descent  -  -  a^  vfr 

0-06  -  -  ditto  -  -  ¥*» 

0-92  -  -  ditto  -  -  ^ 

1*45  -  -  ditto  -  -  Yh 

2  25  -  -  ditto  -  -  T^ 
1*25  -  .  ditto  .  .  ^ 
101  .  .  ditto  -  -  T^ 
1-76  •  .ditto  •  .  ^ 
020  -  .  ditto  .  .  ^ 
1-75  .  .  ditto  -  -  T^ 
1-61  .  .  ditto  .  .  T^ 
l-()4  -  .  ditto  -  -  y^ 
0*23  .  .  ditto  .  .  ^ 
2-09  -  .  ditto  -  -  ^^ 
1-25  -  .  ditto  ^  .  ^ 

003  -  -  level  -  .             

0-81  -  -  descent  -  -  ^ 

0-05  -  •  ditto  .  .  ^ 

0*80  «  •  ditto  -  -  T^ 

1*16  ^  *  ditto  "  -  T^ 

Sum    90*78  Average  inclination  383  feet  on  109,692  feet,  or  ^^ 


the  principal  line  thjre  are  lateral  branches,  over  which  the  locomotivs 
engines  also  travel,  but  the  level  of  which  has  not  been  taken.  Hw  eggiegato 
space  travelled  over  by  the  locomotive  engines  is  twenty-four  miles.  IW  rest  of 
the  railway,  ooosisting  of  sixteen  miles  more,  is  worked  by  horses  and  by  stationary 
steam  engines. 
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Note  H. 

The  gieneral  aTerage  perfpnnance  of  the  locomotive  engines,  on  the  Stockton  and 
Dn-lington  railway,  is  steted  to  us  by  Mr.  Hackworth,  to  be,  for  thirteen  engines, 
I41/>S8|  Ions  of  goods,  conveyed  one  mile  by  each  engine,  the  engines  being  loaded 
direetion  only,  and  reckoning  nothing  for  the  empty  carriages  in  cither  direc- 
The  general  load  taken  was  twenty-four  to  twenty-eight  waggons  at  a  time, 
waggon  containing  53  cwt.  of  coals. 

Tlie  average  distance  travelled  by  each  engine  annually  was  13,493^  miles;  which 
BsladeB  returning  with  the  empty  waggons. 

The  same  engines,  during  the  same  period,  worked  on  the  average  251-^  days,  in 
la«  twelve  months ;  and  for  want  of  a  sufficient  number  of  engines,  the  repairs  were 
ontinued  night  and  day,  when  an  engine  was  taken  off  to  repair. 

The  engine-men  generally  found  flreman,  coab,  oil,  hemp,  tallow,  and  other  stuff, 
Bv  which  he  was  paid  different  prices,  according  to  the  size  and  power  of  the  engine, 
lie  average  price  being  about  *  175  of  a  penny  per  ton  per  mile. 

We  liave  given  the  contract  price  paid  by  the  Stockton  and  Darlington  railway 
c^mipany  for  the  haulage  of  the  coals  at  *4  of  a  penny  per  ton  per  mile ;  this  was, 
r,  reduced  before  the  terminalion  of  the  contract,  to  '34  of  a  penny  per  ton 
mile ;  the  contractor  paying  5L  per  cent,  on  the  capital  of  engines,  &c.,  which, 
with  rents  of  premises,  workshops,  &c.   amounted  to  nearly  lOOCV.  per 
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Note  I. 


Tabu  giving  a  dissected  Account  of  the  RxrAins  done  to  the  LocoMonvs  Ekginis 
for  the  year  1835,  with  the  expense  of  each  item. — See  oppatiU, 


Note  K. 

RiriUtt  done  to  the  Locomotive  Engines  for  the  year  1836,  with  the  expense  of 

each  item. — See  opporiU, 
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Note  L. 

Uatet  of  iownage  and  charges  for  conveyance  of  goods  by  the  NewetMsUe-tqaon*  Tyne  aad 

Carli$le  Raiitoay  Company. 


Dung,  compost,  and  lime  to  be  used  as  manure, 
and  all  other  manures,  and  all  materials  for  tlie 
repair  of  the  public  roads  or  highways 

Coals  for  exportation,  to  be  sea-borne        ^ 

Coals  for  home  consumption        ^        •        -       . 

Coals  passed  through  a  screen  not  exceeding  half 
an  inch,  lime,  limestone,  ironstone,  iron  ore,  and 
all  other  mineral  ores,  building,  pitching,  and 
paving  stones,  .sand  and  clay         •  .  . 

Lime  for  exportation,  to  be  sea-borne 

Timber  (hard  wood  40  feet  per  ten,  soft  wood  50 
feet  per  ton),  deals,  battens,  staves,  pitch,  and  tar 

Lead,  malleable  iron,  east  iron,  and  other  metals   - 

Tiles,  slates,  flags,  and  bricks  •  •        - 

Com,  grain,  flour,  potatoes,  butter  in  casks,  and  bacon 

Com  in  the  straw,  hay,  and  all  other  agricultural 
produce  -  -  -  -  . 

Coke  and  charcoal  .  .  -  . 

Sugar,  dyewoods,  raw  hides,  manufactured  lead  and 
paints,  soap  and  tallow        -  ... 

Groceries,  oil,  cotton  and  other  wools,  and  bale 
goods,  and  tanners*  bark  ... 

Hats,  glass  bottles,  and  other  light  goods,  per  ton 
of  49  cubic  feet  -  -  .  . 

Dried  hides,  dmgs,  manufactured  goods,  and  other 
merchandize,  matters,  or  things  not  otherwise 
euumeratcd         .        .         .         .  - 

Wines,  spirits,  glass,  and  other  hazardous  goods,  per 
weight  or  per  ton  of  40  cubic  feet 

Vitriol  -  -  -  •         .         . 

N.B.  If  tonnage  shall  not  amount  to  €d,  per 
ton,  the  company  may  charge  per  ton 


Tolls  allowed       Cliarge  for 
to  be  charged  •   conveyancev 


for  the  use  of 
the  road,  per 
ton  per  mile. 


1 
1 

1* 


H 

2 
2 

S 

s 
s 


3 
S 


including 

tolls  per  ton 

per  mile. 


-I 


d. 

2 

H 
2i 


2 

H 
H 

3 
3 

H 

4 
3 

H 

4 


H 


oi 
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Fractions  of  a  quarter  of  ton  or  mile  to  be  charged  a  quarter. 

No  waggon  or  other  carriage  shall  carry  at  any  one  time  along  any  part  of  the 
railway,  ineluding  the  weight  thereof,  more  than  four  tons  weight,  for  the  tonnage  of 
which  waggon  the  company  nuy  take  aay  rate  not  exceeding  4d,  per  ton  per  mile. 

No  piece  of  timber,  stone,  machinery,  or  other  article  exceeding  four  tons,  in- 
cluding weight  of  the  waggon,  shall  be  carried  without  the  licence  of  the  company, 
for  the  tonnage  of  whicb  they  may  charge  as  they  please. 

The  company  will  carry  goods  from  the  station  at  Redheugb  to  the  city  of  Carlisle, 
and  from  the  station  at  the  London  Koad,  Carlisle,  to  Newcastle-upon-Tyne,  on 
the  following  terms:— 

£   t.   d. 

Goods  rated  as  above,  at  S^.  per  ton  per  mile  -110 

Ditto      -        -     4d.         -  -         .         ISO 

Ditto      -         -     4^         -         -  -15    0 

Ditto      --5d.---  170 

Rate  for  the  carriage  of  small  parcelsy  for  any  distance  not  exceeding 

thirty  miles, 

lbs.  9.    dL 

Not  exceeding    14  -            -          -        0    6 

Not  exceeding    28  ....        o    9 

Not  exceeding    5G  '         '        -          -10 

lbs.         Not  exceeding  112  •            -            -         1     3 

Exceeding  112  and  not  exceeding  224  ---•16 

Exceeding  224  and  not  exceeding  336  -         -         -      -         2     0 

Exceeding  336  and  not  exceeding  448  -          -           -26 

Exceeding  448  and  not  exceeding  560  ----30 

Tolls  for  passengers^  SfC.  between  Redheugk  and  Haydan  Bridge.* 

In  respect  of  coaches,  chariots,  cbaises,  cara^  gigs,  landaus,  waggont,  eart%  and  car- 
riages, used  for  the  oouTeyance  of  passengers  or  cattle,  &o.  as  follows  :— 

For  erery  person  passing  in  or  upon  such  carriage,  for  any  dirtancc  .■  a,  d. 

not  exceeding            -             -             -             .            -          5  miles  »    O    6 

not  exceeding        -            -            •            .         -        •         10  miles  -     1     0 

not  exceeding            -            -            -             -              -         15  miles  -    1     6 

not  exceeding         -         -             -            -            -          -         20  miles  -20 

not  exceeding             .             .            -              -             -         25  miles  -     2     6 

not  exceeding        --            .--.-30  miles  -30 

For  every  four-wheel  carriage  carried  on  the  companyls  trueks,  for 

any  distance            -            ...            not  exceeding  20  miles  -50 

For         -        ditto           -          ditto,            -           not  exceeding  30  miles  '66 

For        ••        ditto,        *        drawn  by  one  hone,  not  exceeding  20  miles  -    3    6 

*  Similar  charges  between  Carlisle  and  Gmenhiad. 
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f.  i. 
For  every  four-wheel  carriage  drawn  by  one  horse,  not  eiceeding  SO  miles  -  4  6 
For  every  two-wheel  carriage^  ...  not  excec<ling  20  miles  -  2  0 
For        -         ditto,  ....  not  exceeding  90  miles     -     3    0 

For  every  horse  belonging  to  either  of  such  cairiages,  not  exceeding  20  miles     -    2   € 
For        -         ditto         •        ditto,         -         •         not  exceeding  SO  miles     -     3    0 
The  passenger!  in  which  to  pay  according  to  the  rates  for  passengers  con- 
veyed in  the  company^s  carriages. 
For  every  carrier's  cart  to  be  conveyed  by  the  company  on  trucks,  aAer  the 
rate  of  ^\d,  per  ton  per  mile,  including  the  weight  of  the  cart,  and  for  every 
liorse  lielongtng  to  such  carrier  the  sum  of  It.     No  chu^  made  for  the 
earner* 
For  every  other  horse,  mule,  ass,  or  other  beast  of  draught  or  burden,  and 
for  every  ox,  cow,  bull,  or  neat  cattle  carried  by  the  company,  for  any  dis- 
tance        .....        not  exceeding  20  mDes     •26 
For         -         ditto,  -  ditto,  .  not  exceeding  SO  miles     ->     3    0 

For  every  sheep,  lamb,  or  pig,  carried  in  or  upon  such  carriage,  for  any  dis- 
tance -       '  -  -  .  -        not  exceeding  SO  miles     -06 
If  a  score  or  upwards,        ditto»        -        ditto,        ....  4^  ^a^. 
For  every  calf           -            .            -            .        not  exceeding  20  miles     •    O    6 
For  ditto            .            .          .        ^            .        not  exceeding  SO  miles     -09 

No  gratuity  to  be  allowed  to  be  taken  by  any  guard,  porter,  or  other  servant  of  the 

company. 

JoHir  Adaksok,  clerk  to  the  companv. 


Note  M. 
(a)    load  of  locomotive  engines. 

Horses*  power  for  calculation  of  engines,  33,000  lbs.  per  minute,  or 
150  lbs.  raised  ,220  feet  per  minute,  or  2^  miles  per  hour,  therefore 
i4^«37*5  lbs.  B  horses*  power,  at  ten  miles  per  hour,  or  375  lbs.  for 
ten  horses,  equal  to  friction  of  thirty  tons,  (taking  friction  at  y^  of 
weight ;)  say  then  .  -  -  .  -  -     SO    tons. 

Deduct  weight  of  engine,  tender,  and  wates  .  •  -      lO^ 

X«aves  for  goods  and  waggons  -  -  -     1 9^  tons, 

or  13  tons  of  goods,  and  6i  tons  of  waggons. 

This  assumption  of  the  power  is  derived  fhrni  the  paribrmance  of  engines  in  actual 
use,  as  follows:— 

Work  of  Dakukgiok  Emoinxs,  reduced  to  a  level  surliK^e,  the  rise  of  this  way 
averaging  1  in  246. 
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Tills  engine*^  draugiht,  as  stated  in  the  text,  is  equal  to  the  followiog,  upon  a  level 
surface  :^ 


SUMMEm. 

WXMTBm. 

5  miles. 

8  miles. 

10  miles. 

5  miles. 

8  miles. 

10  miles. 

Goods    -     - 

\lagguns     • 

Engine  and  1 

tender    -J 

46*75 
23*10 

16*50 

25*00 
12*50 

16*50 

17*75 
8*80 

16*50 

39*90 
19*80 

16*50 

21*00 
10*20 

16*50 

14*30 
7*20 

16*50 

Tons     - 

86*35 

54*00 

■ 

43*05 

76*30 

47*70 

38*00 

SMALLER 

ZNOIXES. 

Goods    .     . 
Waggons     - 
Engine  and  1 
tender     •/ 

34*66 
17-33 

12*00 

18*66 
9*33 

12*00 

13*33 
6*66 

12*00 

28*75 
14*50 

12*00 

15*00 
7*50 

1200 

10*33 
5*20 

12*00 

64*00 

40*00 

32*00 

55*25 

34*50 

27*53 

EXPERIMENT  UPON  BOLTON  RAILWAY,  REPORTED  BY  MR*  SINCLAIR. 

CwUlbs. 
Weight  of  1  waggon         -  -     30    O 

Weight  of  its  kMd  -  -     42  96 


Add  engine -B 10  toniji  13  cwt. 

Mass  mored 


72  96s8160lbs.  X  13  waggoiis«106/)80lbs. 

-     23,856 


-     129,936  Ihs. 


129,936  lbs.  -i-  180  B  722  lbs.  «  fricUon. 
129,936  IM.  +  440  »  895  lbs.  »  grsTity. 


1017  lbs. 


1017  lbs.  X  8*8  mi]es«89,496lb8.  +  lS-5lbs.->friction 


of  1  ton 


Deduct  engine 

Gross 
Deduct  one  third  for  waggons 

Goods 


-  71*6  tons. 

-  10-6 

-  61*0  tons, 

-  30*3 

-  40*6  tons,  or  ny  41  tons. 
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BOLTOM  ENGINE,  WITS  EIGHT  WAGGOMSy  AT  SIX  MII.K8  PER  HOUR. 

By  ezperimeBt  abore^  one  load  grotiaiSlOOlbc.  wfaiefa  x  8  waggons » 65,280  lbs. 

Add  engine  ...  .     33,856 

Mass  moved  -         •  -  -     89,136  lbs. 


89,136  UM.-i-l80«4d5  Ibs-efirictiun. 
8df  136  Um. -•- 440  »  SOS  lbs. «  gravity. 


697  lbs.  =  resistance. 


697  lbs.  x6milcs4-10mUesB:418lb8.-rl2*5lb8.B6riction 

ofltoD  -  -  -  -  --     33-5  tons. 

Deduct  engine  -  •  •*>     10*6 

Grots  -  -     2S*9  tons. 

Deduct  one  third  for  waggons        -  -7-6 


Goods         «.        •         •     15-S  tons,  or  15^  tons. 


HETTON  ENGINE,  BY  MR.  WOOD  S  REPORT. 

In  30*00  chains  falls        -      -     14(1.  O  in.  which  is  equal  to  .        .     ]  in  HI 

72-45       -       -       9       34  -        -      1  in  5H 


102'45       -       -     23       3i  ■  -        .      1  in  *-»»: 


In  summer  takes  down  16  waggoas,  containing  848  ewt.  of  coals. 
Add  waggon  -  -         «    512 

Engine,  &c.  -        -  -    210 

Together        .  .  *  1570  cwt. 

20  joumiesE>51  miles  per  day,  say  4^  miles  per  hour,  for  12  boors;  ov,  alluwingfnr 

stoppages,  5  miles  per  hour. 

1570  cwt.  B 1 75,840  lbs.  -r  1 80  ->  977  lbs. »  friction. 
Deduct     -  175,840  lbs. -9-287 -61 2        -gravity. 

Tons. 

Resistance  descending       -  365lbs.-M2i«         «        •    29  down. 

512  -»- 210-1 722  cwt. s80,864  lbs.  ^180^449  lbs.  afrietion. 

80,864  lbs.  -^  287  ->  282  lbs. «  gravity. 

Tons 

Resistance  qscending  -  -  731  lbs.  •>.   12^  «  58^  up. 

Divide  by  2  for  averaging,  or  on  level        -  -    43^  tons. 

But  an  the  rise  on  part  of  the  road  is  not  fiivourabk,  say  the  work,  on  a  levd,  is 
50^  tons,  at  5  miles  per  hour. 
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Upon  this  basis,  the  work,  at  cUiTcrcnt  speeds,  is  as  follows  • 

5  miles.  8  miles.  10  miles. 

Goods  -  -     23^  14  9fff 

Waggons         .         -     16|  7  4^ 

Engine  -        -     1(H  lo^  10^ 


5(H  31  i  25i 


Now  50i  tons,  at  5  miles  «.  101  tons,  at  2^  miles,  and  101  -h  12  «  8^  horses 
power. 

(&.)   REPAIRS,  &C.  OF  LOCOMOTIVE  ENGINE. 

A  tube  and  chimney  breast  every  three  years  or  annu^y 
Occasional  repairs  to  boilers  ..... 

New  chimney  each  year,  and  deduct  old  •>  .  .  . 

Set  of  cliimney  bars  every  two  months  .  .  ,  . 

Axles  and  brasses,  on6  set  annually  •.  •  •  •         . 

Wheels,  three  sets  of  wrought-iron  tire  every  year,  deducting  value  of  old 
Tender  carriages,  and  tank  -  -^  ... 

Small  repairs        *  -  -  ->  .  «         « 


^e 

t. 

d. 

12 

10 

0 

3 

0 

0 

7 

10 

0 

6 

0 

0 

10 

0 

0 

36 

0 

0 

2 

10 

0 

12 

0 

0 

89  10     0 
Add  one  fifth  for  spare  engine  •  •        -17  18    0 


£107     8    0 


(c.)      COAL  FOR  EACH  LOCOMOTIVE  ENGINF. 

A  ten  horse  engine  will  take  13  tons  of  goods  ten  miles  per  hour,  and  will  go* 
between  Liverpool  and  Manchester  three  times  each  day  b  30  x  3  &»  90  miles  per 
day,  and  13  x  90  »  1170  tons  of  goods  one  mile  per  day  by  each  engine.  1170 
tons  of  goods  at  2^11)8.*  of  coals  per  ton  per  mile  «  2929  lbs.  of  coal  per  day,  and 
2925  X  91 2,600  lbs.  per  year  »  380^  tons,  or  say  382  tons  of  coal  for  each  loco- 
motive engine  per  year. 

*  The  consumption  of  2^  Ibc.  per  ton  per  mile,  was  determined  upon  fioom  the 
following  data : — 
The  average  of  the  experiments  made  at  Hetton  and  Killingpirorth  in 

January,  1825,  gave,  for  one  ton  of  goods  conveyed  at  the  rate  of  4^ 

miles,  per  hour  -  •-.-•-     2*15  lbs. 

Mr.  Blenkinsop*s  account  of  the  consumption  of  his  engines         -  -     2*70  - 

The  Hetton  account  of  the  present  engines  on  a  level,  at  4  miles  per  hour    3-00  - 
The  Hetton  aceount  of  the  engines  near  Sunderland        •  •         -     2*00   - 

Mr.  R.  Stephenson's  report  of  an  experiment  on  the  Darlington  line,  at 

1 1  miles  an  hour  -  -  -  -  -  --1*60- 

But  the  dau  which  were  principally  relied  on,  were  the  twiual  consumption  on  the 
Darlington  railroad, -^umishcd  by  Mr.  Storey,  from  which  it  appeared,  that  298 
tons  of  coal  were  consumed  by  4  engines  in  2  months  ;  and  that  the  work  done  was 
249,239  tons  of  coal  conveyed  one  mile,  or  2*16  lbs.  per  ton  per  mile.  Tliis  was  by 
engines  with  a  single  tube  through  tljie  boiler. 
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(d.)  ACCOUNT  OF  WORKING  EXPENSES. 

£nginc-man*s  wages,  at  2U.  per  week  -         54   12     O 

Boy  to  assist  -  -  -  -  80     O     O 

Grcasci  oU,  hemp        --  •  -  1200 

Total     £92   12     O 


(e.)      LOCOMOTIVE   ENGINES   YOR   RAINHILL   AND    SUTTON    INCLINED 

PLANES. 

Ilesistance  per  ton  on  the  Rainhill  and  Sutton  planes :  — 
2240^  180»  12*44  lbs.  friction. 
2240-$-  96si  23*33  lbs.  gravity. 

35'77  lbs.  per  ton,  and  the  engine^  fte.»  being 
10}  tons,  is  S75^1b8.  resistance.  Now  as  (by  a,  note  M)  the  power  of  the  engine 
at  ten  miles,  is  375  lbs.,  it  is  evident  that  an  engine  will  just  move  its  own  weight  up 
the  hill  at  ten  miles  per  hpur. 

If  the  same  rate  of  speed  and  tonnage  is  to  be  kept  up,  the  following  calculmlion  is 

given :  — 

Tcn-borsc  engine  upon  these  planesalO}  tons  at  ten  miles  per  bour«    13  tons  of 

goods,  or  1 9^  tons  of  goods  and  waggons. 

If  10}  tons  weight  of  one  engine  and  tender  require  -         -     10  horses*  power. 

Anotlier  engine,  without  tank  or  water-carriage^  8}  tons,  will 

require  •  -  •  -  --  -8  horses*. 

And  on  the  same  proportion,  19}  tons  of  goods  and  carriages 
will  require  -  -  -  .  •  .     18^ 

Total  power    seahorses*  power. 

Or,  if  the  same  power  of  engine  is  kept,  the  following  will  be  the  peribnnance^  at 
the  rate  of  five  miles  (icr  hour :  — . 
Horses*  power  at  five  miles*  150-i-2a75  lbs.,  or  for  ten  horses      •        •     750  Uis. 
Deduct  gravity  and  friction  of  carriage        ...  .  .     375 

Lcsfes  spplieable  to  load  -     375  ib^ 


375  lbs.  -f  35*77  lbs.  (resistance  of  one  ton,  toit)  give  gross  10}  tan%  or  goods  oqIv, 

7^  tons. 

Or,  if  eight  miles  be  the  nUo  of  travelling  on  a  levd,  the  engine  would  *»^* 
twenty-seven  tons  of  goods  and  waggons  up  the  plaiie^  and^ 
Horse  power  at  eight  miles*  150  x  2^-r8»47  lbs.,  or,  for  ten  hones, 

470  lbs. 
llicn  470 -r  12^  (resistance  of  one  ton)  gives        ...  .     37*6  tens. 

Deduct  engine,  &c  -  -  •  .  .  .     lo*5 

Leaves  goods  and  waggons     -     27-1  torn. 
Or,  goods  eighteen  tons^  and  waggons  nine  tonst 
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And  with  the  assistance  of  another  engine  of  similar  povrer,  would  ascend  at  the  rate 

of  4^  miles  an  hour,  as  follows :  -« 

TIME  OF  LOCOMOTIVE  ENGINE^  ON  INCLINED  PLANES. 

87  -f  10^  -f  8^»  46  tons  *  weight  of  load,  and  two  ten-horse  engines. 

35*77  4-46  a  1645  lbs.  s  total  resistance  to  twenty  horses. 

1 645  -r  46  a  82  lbs.  a  exertion  for  each  horse. 

82  lbs.  :  1 50  lbs. ::  S^  miles  ::4i  miles  per  hour. 
They  therefore  had  recourse  to  the  stationary  system  to  work  the  two  planes;  and 
supposing  to  giTe  nine  miles  clear  an  hour,  the  rate  in  motion  should  be  tweWe 
miles;  and  for  3.000  tons  to  be  passed  in  each  direction  daily,  the  load  for  each 
journey  will  be  fifty  tons,  and  the  power  required. 


FIXED  ENGINES  FOR  RAINHILL. 
52  tons,  or  1 16,480  lbs.  -r  96,  the  rise  of  the  pUne,  give  for  gravity      .  -     1,213  lbs. 
Add  11 6,480  lbs. -f- 180  for  friction  -  .  -  .  -        647 


Together        -     1,860 
Friction  of  rope«^  of  its  weight,  or  of  10^60  lbs.  -  -  -       480 

Gravity  of  rope  a  ^  of  its  weight  -  •  -  -  -        110 

2,450 
2,450  lbs. -1-31  lbs.  (power  of  horse  at  twelve  niiles)«80  horses,  or  allowing  for  surplus 
power,  say  two  en^^nes,  each  fifty-horse  power. 


(/.)  EXPENSE  OF  ENGINES  UPON  RAINHILL. 
Two  fifty-horse  engines,  at  ItSOOL  each  -         -  -  - 

Machinery  and  drum-barrels  .... 

Engine  house  and  chimney  .... 

Kngine-man's  dwelling  ....  .  . 

Reservoir  or  well  for  water  .... 

PuIIies,  No.  330,  for  each  Une,  or  660  for  the  two  lines  at  15t. 


Interest  on  4,595/.  at  five  per  cent.  ... 

General  depreciation  at  1  ^  per  cent.         .... 

Boilers,  say  three,  to  last  twelve  years,  difference  of  value  24/.  per 
ton  a  480/.  to  be  expended  at  the  end  of  twelve  yean^  equal  to  an 
annual  expense  of  -----  - 

Fire  bars  annually  ...... 

Repairs  to  engine  and  machinery  ... 

Oil,  tallow,  hemp,  &c.         -  -  -  -  - 

Wear  and  tear  of  pullies  -  -  -  -  -  - 

Coals  equal  to  eighty  horses,  working  twelve  hours 
per  day,  allow  15  lbs.  of  small  coal  per  horse,  per 
hour,  which  gives  for  312  days  1872  tons,  at  2t,  6d, 
(price  given  to  us)  -  ».  •  •        234    0    0 

Add  coal  for  raising  steam,  377  tons,  at  2f.  6dL        •  47    2    6 


£ 

- 

3,000 

- 

300 

- 

600 

- 

100 

.  - 

100 

•■ 

495 

£  4,595 

229 

13  6 

69 

0  0 

13 

4  0 

5 

0  0 

95 

0  0 

20 

0  0 

25 

0  0 

281     2     6 


Carried  forward    £67S    0    O 
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Brought  forward   £  678     0    0 
Wages  as  follow : —  £     «.      d. 

Engine-man  -  •  -        -  54  12     O 

l<'iro-man  -  -  --  -  39     OO 

Brake-man  -  •  .,.  39     OO 


• 132  12    0 

Men  to  grease  sheeres,  one  man  to  both  planes,  say  for  each  plane      -  1 9  10    0 

Oil,  150  gallons,  at  2m,  6d,  -  •  -  -  -  18  15    o 

848  17    0 
Similar  engines  and  expenses  for  the  other  plane        •         •»  *         848  17    0 

Ropes ;  four  ropes  for  these  two  inclines,  each  2,640  yards  long,  5^ 
inches  circumference  »  4  lb.  to  one  yard  each  rope,  therefore^  94  cwt. 
1  quar.  4  lb.,  and  the  four  ropes,  18  tons,  17  cwt.  16  lbs.,  whicli»  at 
•  42/.  per  ton,  (being  51/.,  less  9/.  for  old  ropes,)  gires  792/. 

£    ».     d. 

Interest  upon  792/.  capital,  at  five  per  cent.     -        -  39  12     O 

Annual  cxpeasc  of  ropes,  being  for  4,000  tons,  passed 
three  miles  daily  for  312  days,  at  yj^  of  a  penny 
per  ton  jier  mile*  upon  a  level,  and  adding  for  slope 
of  1  in  96,  being  nearly  tlirec  times  the  wear  upon 
a  level  -  -  ....      3,276     O     O 


3,315   12    0 


Making  total         ^5,013     6     0 


(ff.)  WATER  STATIONS. 

A  twO'liorsc  power  engine  to  each  station     -        •    20O    O     O 
Pumps,  kettle,  and  machinery  -  •  -     lOO     O     O 

Engine-house  aud  cistern  -  -         -         -1500O 

Cottage  for  man  -  «'  •  •>      60    O     o 

Well  or  pond  -  -  -  •-5000 

^560     O     O 


Interest  and  depreciation  on  560/.  at  6^  per  cent  -      42  O     O 

Wear  of  boiler  and  bars,  grease,  &c.  -  -         5  O     O 

Coal  for  engine,  kettle,  &c.  fifty  tons  at  2«.  6d!.       -         6  5     O 

Engine  man         -  -  -  -  -39  00 


^92     5     O 


10  sUtions,  at  92/.  5«.  each        •     922/.  lOf.  (kU 
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Note  N. 

(a.)  POWER  OF  STATIONARY  ENGINE. 

Friction  of  fifty-two  tons 8 52 -M 80  -  -  -  -  -  647lbs. 

Friction  of  ropes,  sheeves^  and  drums « WW  of  weight*,  say  of  3,400  (being 

weight  of  I^  mile  of  3^  inch  rope)  equal  to        -         -  •  •  155 

Friction  of  rope  upon  barrel  -  ...  .  •  13 

815lb8. 


Power  of  horse  at  12  milesBl50x  2^-$.12»31  lbs.,  then  8I5-r3lB:26  horses, 
or,  say,  allowing  for  spare  strength,  thirty  horses,  required  in  one  direction,  making 
two  thirty-horse  engines,  at  each  end  of  the  mile  and  half  stages. 


(6.)      ENGINES  TO  WORK  THE  RAINHILL  AND  SUTTON  PLANES. 

The  calculation  in  e.  Note  F.  gave  two  fifty-horse  engines  requisite  for  working 
each  inclined  plane,  but  as  the  engines  will  now  have  to  draw  the  waggons  towards 
them  for  a  mile  upon  the  levd,  an  increase  of  ten-horse  power  has  been  made  to  each 
engine,  making  two  sixty-horse  engines  to  each  station. 

£ 

Two  GO-horse  engines,  each  18002.  •  •  •  •    3,600 

Machinery,  drums  .......  500 

Engine-house  and  chimney         ....«•  700 

DweUing-house        -  -  --  -  •  ••  100 

Well  and  pond  -  •-  ..  .  ..  100 


£5,000 
Two  engines  at  5,000^.  b  10,000/^  


*  FRicnoK  or  Rors  on  tbx  bbuntok  avd  shields  railway. 

By  observation,  seven  empty  waggons  took  down  rope  in  S'  45^^  (  a  8^  miles 

per  hour)  whidi  makes  friction  .....     ssjlbs. 

Mr.  Thompson  says,  eight  waggons  take  it  down  in  three  minutes  (  ■>  10^ 
miles  per  hour)  which  gives  friction        .  -  -  .  -    82 


Average  friction        .     85^ 


Weight  of  rope  =1,861  lb. -7- 85^  =  22,  or,  say,  friction  of  rope,  sheeves,  barrel, 
brake,  &c., «  ^nd  of  weight  of  rope. 

KiLLxvowoRTH.  Sixtcen  empty  waggons  descended  Killingworth  plane,  in  four 
minutes,  with  4^  inch  rope  after  tliem,  of  wliich  the  weiglit  was  3,096  lbs.  Inclina- 
tion of  plane  1  in  62^.  This  leaves  for  friction  of  rope,  &c.,  143^  lbs.,  or,  say,  jil^nd 
of  weight  nearly. 
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(c.)      SNOINBS   FOR  MIDDLE  OF  THE  TWO  MILES  LEVEL,  AND  AT  THE 

FOOT  OF  EACH  PLANE. 

£ 

Two  20-horse  engines,  each  900L  -  -  •  .  -    1,800 

Machinery  and  dnimx  ...  .  .  .       sqq 

Engine-house  and  chimney  .  •  .  .  .  .      450 

Dwelling-house        .•.••••.«.75 

Well  or  pond  .-..-  --  -        ^ 


Three  cnginea  at  3,7107.  ->  8,l30l. 


£2,710 


(d.)      ENGINES  UPON  1^  MILE  STAGES. 

£ 

Two  30 -horse  engines,  each  1,200^.  -  .  .  -  .    t;,400 

Machinery,  drum,  &c.         -----.  .       400 

Engine  house  and  chimney  ...  •  .  .       500 

Dwelling-house  -  -  -  -  •  .  -100 

Well  or  pool  for  water  -  -  -  -  .  -100 


Fifteen  engines  at  3,50021  »  52,5O0L 


£3,500 


'  (e.)  .  £RGIN£S  AT  MANCHESTER  END. 

£ 

Two  12- horse^nginesy  each  5002.  .....    1,000 

Machinery  and  drums              ....               .  .       200 

Engine-house  and  chimney   •      .  ■         .            •            .            .  .       400 

Dwelling-house        -             -             .-             -             -  ..75 

Well  and  pump,  or  pool  for  water            ....  -         50 


JC  1,725 


(/)      REPAIRS  AND  WORKING  OF  STATIONARY  ENGIMSS. 

Hepairs  to  boilers  of  engines,  for  the  power  of  1,354        £    §•     d, 
horses,  taken  in  the  proportion  of  1 3/.  4«.  to  100 
horses  -  -  '  -'  -  •       178  14     6 

Fire-bars,  taken  in  like  proportion,  at  5/.        -        «        67  14    O 

Repairs  to  engines  and  machinery,  at  7«.  for  1  horse*! 
power  -  .  *  .  -        .       473  18     O 

Oil,  tallow,  hemp,  &c.  for  1  horse's  power  -      270  16    O 

Coal  in  proportion  to  former  estimatei  for  lOO-hone 
engine^  ■>  18*72  tons  pex  horse,  or  25,346  -ffg 
tons  per  annumi  exdusiYe  of  coal  for  raising  steam, 
at  2f.  6(1.  -  •      .  ^  •  •  »    3,168    7     2 


Cankd  forward        -    £4,159     9    s 
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Men  required  as  follows  :— 


Brought  forward        -  ^4,159    9    8 


I 


8 
t 

s 


Engine-men  2 

Bank-men      2 

Brake-men     1 

Assistants       0 

Ten  men  to  oil  puUies,  at  39/* 


4 
4 
4 
2 


Ia43atje51   12     £2,347  16 
2  =  44—    39     O  1,716     0 

!=42—    39-   O         1,638     0 
la21—    39     O  819     0 

390     O 


Oil,  SO  miles  at  50  gallons  per  milea  1,500  gallons,  at  2«.  <kL 


6,910  16 
187  10 


0 
0 


£11,257  15     8 


(ff.)      EXPENSE  OF  ROPES. 

**  From  an  account  kept  by  Mr.  Thompson  of  the  wear  of  ropes  on  the  Shields 
and  Bninton  railway,  apparently  with  great  aoeuracy  of  detail ;  the  mean  average  cost 
of  ropes  has  been  found  to  be  i%^  of  a  penny,*"  or  ^  of  a  penny  per  ton  per  mile, 
nearly.  The  declination  of  the  way  being  in  the  direction  of  the  loaded  waggons,  and 
there  being  in  some  case  no  tail-rope,  are  both  favourable  to  this  line»  as  compared 
with  a  horizontal  road ;  but  as  here  the  waggons  are  drawn  back  empty,  the  cost  per 
ton  of  goods^  as  compared  with  the  Liverpool  and  Manchester  line,  is  increased. 

Mr.  Story  reported  to  us,  that  the  ropes  upon  the  Bnisselton  inclined  plane  cost^ 
by  an  accoimt  kept  by  him,  one  fiulhing  per  ton  per  mile  upon  all  the  coal  con- 
veyed over  them,  as  follows  :— 

Bope  on  BrtuseUon  plane. 

1,851  yards,  inclination  I  in  33^  ascended  with  load. 
825  ditto  1  in  30^  descended  with  load. 

Average  taken  at  1  in  33  which  gives  69  lbs.  gravity  of  1  ton. 

Tons. 


1.851  X  (69  +  12i)  X  1-5  «  226,284-1 

825  X  (69— 12i)  X  1-5=     69,919/ **^*^' 

825  X  (69  +  12i)  X  -5  «     33,618 1 

1,851  X  (69  — 12i)  X  -5  »  52,292  /  ^""P^^' 


382,113  -T-  12^  =  30,569 


30,569  -r  1760  »  17-37 
Deduct^-  5-79 


11*58  say  11^ 


114  miles  :  1  mile :  t  25  :  "0243  of  a  penny. 
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Wc  haYG,  by  calculation,  reduced  this  to  n  horiiontal  surface,  and  find  that  it  would 
be  Y§^  or  under  ^  of  a  penny,  per  ton  of  goods,  per  mile,  exdosiTe  of  the  wear  of 
tail-rope. 

The  reciprocating  system  being  applied  on  the  lower  part  of  the  Ilctton  road, 
Mr.  Wood  has  informed  us,  that  301,800  tons  of  coal  were  conveyed  over  a  distance 
of  2^  miles  for  an  expense  of  780^  in  ropes.  By  reducing  this  to  a  level,  and  to 
suit  our  case,  wc  find  the  cost  to  be  ^^  of  a  penny  per  ton  per  mile,  which  very  much 
exceeds  either  of  the  former  results. 

After  fully  considering  this  important  subject  in  all  its  bearings,  wc  fixed  upon 
y^  of  a  penny  per  ton  of  goods  per  mile,  dividing  it  into  y^  for  the  head-rope, 
and  j^  for  the  tail-rope. 


(A.)      CAPITAL   AND   INTEREST   UPON    SPARE   ROPE. 

114  miles  of  3^  inch  rope,  at  If  lb.  per  yard,  is  104  tons  12  cwt.        .C  ».  d, 

3  qrs.  14  lbs.,  at  51/.  for  new         -----    5,336  16  8 

Less  9/.  for  old         -         -       941  16  8 


£  4,395     O     0 
Interest  on  4,395/.  at  5  per  cent.     •    219/.  15«. 


(t.)      SUNDRY   EXPENSES   AND   CHARGES. 

30  crossing  by  iron  pipes,  capital  300/.  at  5  per  cent.         ... 
Coal  each  morning  for  raising  steam,  28  lbs.  per  horse  per  day,  for  1,354 

horses  for  312  days  -  -  -  - 

Wear  of  pullies  in  proportion  of  25/.  for  3  miles        .        .        -        . 
Interest  upon  duplicates,  say  1,354  horses  at  l/.s  1,354/.       •        -     - 
Ropes,  capital  as  above  note  j85,SS6  16    8 
For  planes  per  locomotive 

estimate         .         -        .       961   14     3 


£ 

s. 

<f. 

15 

0 

0 

616 

2 

6 

250 

0 

0 

67 

14 

0 

£6,298  10  11  at  5  per  cent.     .       -        .     314   13     o 


Interest  upon  signals,  550/.  at  5  per  cent.        -        •        -        -  •      27  10    O 


£  1,291      4     6 


Note  O. 

(a.)  The  data  for  assuming  this  power  of  the  engine,  are  as  follow  :— 

Darlington,  railway. — The  average  fall  is  1  in  246,  but  being  imdulating,  some 
parts  descend  1  in  100,  and  others  nrfe  level,  and  the  engines  have  to  overcome 
the  resistance  of  twenty  loaded  waggons  on  the  levdi  and  twenty  empty  waggons  on 
I  in  100,  at  the  rate  of  finir  miles  in  an  hour. 
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Wciglit  of  twenty  loaded  waggons         -  -  -     80  tons 

Engine  and  tender  •  -  -         -        -     IS 

92  tons. 

92  tons<T-200sl,0S0  lbs.   the   maximum   resistance    at   4   miles  an   hour;    and 

-^— — — -=412  lbs.  at  10  miles  an  hour, 
10 

And  with  twenty  empty  waggons  -  -  -     25  tons. 

Engine  and  tender        •         •  •  »  *     12 

37  tons. 
37  tons^200=414lbt.  frictiori.  

37  -r  100  =  828  lbs.  gravity. 

1 242  lbs.  the  maximum  resistance  at  four  miles  an  hour ; 

and   1,242  x  4       ..^  n       ^  *         m  u 

— =497  lbs.  at  ten  miles  an  hour. 

10 

Springwell  railway, — The  inclination  varies  from  ^^  to  -^  the  average  l)cing 
12^.    One  engine  travels  with  eighteen  waggons  weighing  22^  tons,  or  with  engine 
thirty-three  tons  at  an  average  speed  of  six  miles  an  hour. 
Average  resistance.     Gravity  606  lbs. 

Friction  S70 

976  lbs.  X  6  -MO «  585^  lbs.,  the  effect  at  ten 
miles  an  hour. 

Occasional  resistance  at  -^     Gravity  924 

Friction  370 

1,294  x6-rl0B776 lbs. 

Bolton  and  Leigh  ratftmijr.— -From  an  experiment  with  the  laneashire  Witch, 
fifty-eight  tons  were  moved  up  an  inclinatioo  of  :|^  at  the  rate  of  8^  miles  per 
hour,  which  is  equal  to  836  lbs.  at  ten  miles  an  hour* 

Liverpool  rat'/trq^.— Rocket  engine  traversed  back  and  forwards  with  a  gross  load 
of  37^  tons  at  the  rate  of  thirteen  miles  an  hour. 

Another  engine,  employed  in  leading  marie,  generally  conveyed  seventy  tons  (ex- 
clusive of  its  own  weight)  at  the  rate  of  Jive  milee  an  hour. 

From  these  experiments  it  was  concluded,  that  a  locomotive  engine  would  convey 
twenty  tons  of  goods,  exclusive  of  carriages,  at  the  rate  of  twelve  miles  an  hour, 
which  would  require  a  force  of  497  lbs. 

(6.)  This  is  derived  from  the  actual  expense  of  the  Springwell  and  Darlington 

engines.     Springwell  furnished  by  Mr.  John  Wood  of  the  cost  in  the  years  1827—^ 

1828.  £    s.     dL 

1827.        Wrightwork  -  -  -  ^--10  15     5 

Smithwork  -  -  -  "  -  -40173 

Sundry  tradesmen's  accounts  -  -  -         •        50    2    O 

101  14     8 
Deduct  old  materials         -  9  19     3( 


Cost  of  two  engines        -     £  91   15     4| 
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1828. 


Smithwork             -.-... 
Malleable  iron  bars          ... 
Wriglitwork             --.«.. 
Sundry  tradesmen's  accounts^  indudiog  caiting,  8top.cocks, 
pumps,  clacks,  &c.          .... 

22  15 

27     8 

4     3 

31    17 

Coat  of  two  engines 

^86     3  J 

Dtniinffion, — In  1829  the  annual  repairs  of  four  of  the 
Darlington  engines  as  per  account,  carefully  taken  by 
Mr.  Hackieorth  -  •  •  .  -154     8 

Fire-ban         ....  .  -24    0 


Cost  of  four  engines,  which  say  SOI. 


£n%    8 


(c)      COALS. 

According  to  the  experiments  on  the  KiDingworth  engines,  detailed  in  the  fonr 
edition  of  this  work,  Messrs.  Stephenson  and  Locke  state,  that 

No.  2  experiment,  2*13  Iba.  of  coal  per  ton  per  mile. 

3        2-05  ditto. 

5        1-60  ditto. 

Darlington  engine  with  a  double  tube. 

1  '60  lbs.  of  coal  per  ton  per  mile. 

An  experiment  with  the  Lancashire  Witch  gave  in  twehrc  hours  1,031  tons  coi 
Teyed  one  mile  with  16  cwt.  of  coalsn  1  '73  lbs.  per  ton  per  mile. 

From  these  experiments,  the  consumption  is  fixed  at  1  *75  lbs.  per  ton  per  mi 
for  1,800  tons  per  day,  which  is  3,150  lbs.  per  day,  and,  312  davs,  is  439  tons,  \ 
59,  4d,^  equal  to  1^8^   lOt. 


(d.)  Mcssi^  Stephenson  and  Locke  propose,  that  the  locomotive  engines  should 
upon  the  oilier  parts  of  the  line,  take  twenty  tons  of  goods  twelve  miles  an  hour,  am 
tliat  the  same  engines  would  take  eight  tons  of  goods  up  the  plane  at  ten  miles  ai 
hour ;  the  respective  resistances  on  the  level  and  on  the  plane,  behig  497  lbs.  an 
^56  lbs.,  referring  to  the  experience  of  some  of  the  engines  previously  noticed,  whicl 
^xert  a  power  greater  than  this;  and  an  experiment  with  the  Rocket,  weighing  on]< 
4^  tons,  gave  15^  tons,  including  engine,  moved  up  the  plane  in  question,  at  thi 
rate  of  sixteen  miles  an  hour«  Anotlier  experiment  with  the  same  engine,  mountn 
the  plane  at  the  rate  of  12}  miles  an  hour,  with  20^  tons,  including  engines 

And,  calculaling  the  effect  of  an  engine  having  two  ten-inch  cylinders,  with  pb 
tons  moving  180  feet  per  minute,  and  an  effective  pressure  of  25  lbs.  per  square  inch 
we  shall  have  157  inches  area  of  cylinders  x  25  lbs.  x  180-r  880  feet  per  minute,  (beini 
ten  mites  an  hour)  ■■80S lbs.,  which  exceeds  the  resistance  of  eight  tons  of  good 
on  a  plane  ascending  1  in  96,  by  147  lbs. 
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(e.)      ANNUAL  COST  OF  WATER  STATIONS. 

Interest  and  depreciation  on  original  cost  of  each  water  station,  viz. 
500^,  at  7^  per  cent.  ...... 

Annual  repairs,  grease,  &c.  ..... 

Coals  for  each  station,  100  tons,  at  4«.  6d,         -  -  -  - 

Attendant  ..... 


£    «. 

d. 

87  10 

0 

5    0 

0 

22  10 

0 

39    0 

0 

^£104     0 

0 

Note  P. 

(a.)— The  power  of  the  engines  on  the  1^  mile  stages  will  be  thus  :•— 
Friction  of  fifty-two  tons,  at  ^^  .....     S82  lbs» 

Friction  of  1^  mUe  of  4^  inch  rope,  weighing  6,888  lbs.  at  ^  «       -        •    574 

1,156  lbs. 


*  The  method  which  we  adopted  in  investigating  this  part  of  the  subject  was,  by 
placing  so  many  empty  waggons  upon  an  inclined  plane  as  would  move  a  given 
length  of  rope  at  an  uniform  velocity ;  this  being  ascertained,  it  is  evident  that  the 
gravity  of  the  rope  and  waggons  will  be  equal  to  their  friction. 

Experiment  I. — Three  waggons,  weighing  72  cwt.,  maintained  a  speed  of  1^  mile 
an  hour,  with  930  yards  of  rope,  weighing  3,397  lbs.,  on  a  plane  ascending  one  in 
thirty-three. 

Experiment  II Four  waggons,  weighing  96  cwt.,  maintained  the  sane  speed 

with  1,370  yards  of  rope,  wdghing  5,004  lbs. 

Experiment  III. — Five  waggons,  weighing  six  tons,  maintained  a  speed  of  1} 
mile  an  hour,  with  1,810  yards  of  rope,  weighing  6,600  lbs. 

To  reduce  these  to  fractional  parts  of  the  ropers  weight :— > 

1st.  Gravity  of  waggons  -  -    244^  lbs. 

Gravity  of  rope  ...     103 

S47t^ 
Deduct  friction  of  waggons  -      39 


rope  for  its  friction. 


Leaves    308^  lbs.,  or  -f^  of  the  weight  of  the 


2d.  Gravity  of  waggons  •  -     326  lbs. 

Gravity  of  rope         -  -         -     152 

478 
Deduct  friction  of  waggons       ■  -      52 


Leaves    426  lbs.,  or  nearty-,\fth. 

3  c 
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Power  of  a  horse  at  twelve  miles  an  houre  150  x  2^-M2s31  lbs.,  then  1,1 56-r 
Sl  =  37-hor8e  power,  or,  allowing  for  spare  power,  say  forty-horse  power  for  one 
line,  or  eighty  horses  for  two  lines. 

(b.)      POWER  OF  ENGINES  FOR  ONE  MILE  STAGES. 

Friction  of  fifty-two  tons,  as  above  -  -  -  •  -     582  lbs. 

Friction  of  one  mile  of  rope,  being  •}  of  the  above  -  -  -     382 

964  U»s. 

But  since  these  engines  need  not  be  made  to  propel  the  goods  at  more  than  ei^t 
miles  per  hour,  because  the  space  of  one  mile  can  only  be  travelled  over  in  the  «ame 
time,  that  the  others  are  moving  1^  mile  (on  account  of  the  necessary  dependence  o\ 
these  engines  upon  the  others)  ;  therefore,  the  power  of  a  horse,  at  eight  miles  an 
hour,  will  be  150x2^-s-8  =  47  lbs.,  wliich,  divided  into  964,  gives  the  power  of  these 
engines  1=20^  horses,  or,  for  spare  power,  2j^  horses,  or  double  that  for  the  two  lint«. 


(<?.)      THE  POWER  OF  THE  ENGINES  TO  WORK  THE  TWO  INCLINED 

PLANES  WILL  BE 

52  tons T- 96  give  for  gravity           ....  -  -  1,21 3  Ihs. 

52         .^200  give  for  friction            -           .           -             -  -  -  582 

Friction  of  rope  (5j  inches  circumference)  10,700 lbs. -MS  -  -  891 

Gravity  of  rope           -             -            -         10,700  lbs. -r  96  -  -  111 

2,797  lh«. 

2,797  lbs.  -rSl  (power  of  a  horse  at  twelve  miles  an  hour)  *»  90  horses. 

This  would  be  the  power  of  the  engines  in  case  no  descending  train  was  passing 
down  the  plane  at  the  same  time^  but  this,  according  to  the  regularity  of  the  system, 
I>ecomcs  a  necessary  consequence.  We  shall,  therefore,  assume  the  power  reciuisite 
to  work  these  planes,  and  tlie  one  mDe  stages,  to  be  eighty  horses. 


(d,) — The  power  of  the  engine,  at  the  foot  of  the  inclined  pUnes,  will,  by  allowing 
ten  horses  to  assist  in  overcoming  the  friction  of  the  rope,  be  fifty  horses,  and  the 
extra  power  at  the  tunnel  forty  horses. 


3d.  Gravity  of  waggons  •  -     407^  lbs. 

Gravity  of  rope  .  •        •    200 


607^ 
Deduct  friction  of  waggons  -      65 


Lcavies    542^  lbs.,  or  nearly^th. 
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(e.)      ESTIMATE  OF  CAPITAL  REQUIRED  FOR  ENGINES  AND 
MACHINERY  ON  THE  1^  MILE  STAGES. 

One  engine  of  eighty^horse  power  -              •            • 

Four  rope  rolls  and  machinery  .... 

Engine-house  and  chimney             -  -            « 

Dwelling-bouse  resenroirs          -  -              -               - 


Seventeen  stations,  at  4,200/.         -     71,400£i 


£ 

9, 

d. 

-   2,800 

0 

0 

550 

0 

0 

d50 

0 

0 

200 

0 

0 

£4,200 

0 

0 

(f.)      EXPENSE  OF  ENGINES  AT  THE  BOTTOM  OF  THE  TWO  PLANES. 

£       9.    d. 
One  engine,  of  forty-eight  horse  power         •  »  «.  •      1,600    0    0 

Rope  rolls         -----  -  -         500    0     0 

Engine-house  and  chimney  -  ...  -         ^00     0     O 

Dwelling-house  and  reservoir  -  -  -  --ISO    00 


£  2,880    O     0 
■  ■ 

Two  engines  at  bottom  of  planes        -     5,760L 


£       9,    d. 

0 


X       9, 

((/. )  One  engine  at  Manchester,  twenty-four  horse  power        -         -         960    0 

Rope  rolls  --.---  -         250     0     0 

Engine-house,  &c     7         -  -----         500    O 

Dwelling-house,  reservoir,  &c         -  -  -  -  -1800 


O     O 
O 


j8'1,890     O     0 


(h,)      ANNUAL  EXPENSE  OF  STATIONARY  ENGINES. 

Coals  for  engines,  being  altogether  1,572  horse  power,  working  ten 
hours  per  day,  for  312  days,  at  17  lbs.  per  horse  power  per  hour 
» 57,222  tons,  at  4«.  6c2. 

Repairs  of  engines  and  machinery,  including  fire-bars,  boilers,  hemp, 

oil,  &c.,  at  ll.  per  horse  power,  per  annum         .        .         .         - 
43  engine- men,  at  54/.  12». 

21  assistants  at  40/.  ^  .  .  - 

42  brake-men,  at  40L  per  annum         •         -  -  .  -. 

84  men  to  ride  the  trains,  being  one  man  to  each  rope^  40/.  per 

annum         -------- 

Wear  and  tear  of  rope  sheeves,  at  8/.  per  mile  of  double  way 

Oil  for  sheeves,  2,100  gallons,  at  2«.  6<i.       - 

S  men  to  oil  sheeves,  at  30/.  per  annum         .... 


£ 

«. 

d. 

8,374 

19 

0 

1,572 

0 

0 

2,347 

16 

0 

840 

0 

0 

1,680 

0 

0 

3,360 

0 

0 

240 

0 

0 

262 

10 

0 

240 

0 

0 

Annual  cost  of  keeping  the  machinery  in  working  order      -       -     ^18,917     5     O 

3  c  2 
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(t.)      ROPES. 

108  miles  of  4^*  iach  rope  on  the  level  stagessSSl^  toot,  (after  £     t,  i, 

deducting  value  of  old  material)  at  43/.  per  ton         ...  9,296    0  0 

6  miles  of  5^  inch  head-rope  for  inclined  planes,  \^^  tons,  at  421.  -  802     4  0 

6  miles  of  3^  inch  tail-rope  for  inclined  planes^  7  tons  17  cwt.  at  42/.  329  14  0 

Grooves  for  ropes  crossing  road»  SO  at  10/.         ....           .  soo    o  0 

£  10,727   18  0 


WEAR   OF    ROPES. 

jC      «.  d. 
Interest  on  10,727/.  18«.,  at  5  per  cent,  per  annum      ...  535    7  10 

Although  the  wear  and  tear  on  ascending  the  inclined  planes  will  be 
increased*  there  will  be  a  saving  in  descending,  and  we  therefore 
take  SO  miles  at  -^^th  of  a  penny  per  ton  per  milef,  on  4,000  tons, 
conveyed  daily,  equal  to  37,440,000  tons  over  one  mile  per  annum     15,600    0    0 


^16,136     7  10 


*  The  load  which  Mr.  Walker  has  assigned  to  be  conveyed  by  each  engine  is  fifty- 
two  tons,  to  be  dragged  by  a  rope  3^  inches  in  circumference ;  before  estimating  the 
cost,  it  will  be  necessary  to  examine  whether  such  a  size  is  adequate  to  such  a  load. 

In  this,  as  in  most  other  cases,  we  can  only  refer  to  those  railways  where  simi- 
larity of  circumstances  will  warrant  a  comparison.  The  resistance  of  fifty-two  tons 
willbe582ilbs. 

On  the  Hetton  railway,  a  five-inch  rope  is  used  to  drag  twcnty-four  empty  wag- 
gons, each  weighing  28  cwt.,  up  an  ascent  of  1  in  250.  On  tliis  plane  a  3^  inch 
rope  was  originaUy  used,  but  it  was  so  frequently  broken  that  it  was  removed  in  four 
months. 

Then  3,136  x  24-{-250s801  lbs.  gravity. 

3, 1 36  X  24  •{-  200  »  376         friction. 
Resistance  requiring  a  five-inch  rope    677  lbs. 

On  another  plane,  which  is  quite  level,  a  rope  4^  inches  in  circumference  is  used 
to  drag  the  same  number  of  waggons;  consequently  3136  x  21  -f-200«  376  lb«.,  tlte 
resistance  requisite  for  a  4^  inch  rope,  and,  by  reducing  these  to  the  resistance 
of  52  tons  upon  a  level,  we  shall  have  by  the  former,  for  the  requisite  sixc  of  the 
rope,  -----  4*6  inches. 
By  the  latter       -        -    5*6 

In  the  foregoing  we  have  not  taken  the  weight  of  the  rope  into  calculation,  as  the 
length  of  the  planes  is  nearly  alike. 

It  is  dear,  therefore,  that  for  such  a  line  of  railway  as  the  Liverpool  and  Man- 
chester, a  rope  of  3^  inches  in  circumference  is  too  snudl ;  and  in  order  to  prevent 
as  much  as  possible  those  delays  arising  from  breakage,  a  4^  inch  rope  is  the  very 
least  in  size  that  should  be  used,  and  on  the  inclined  planes  a  rope  not  leas  than 
5^  inches. 

f  The  Brunton  and  Shields  railway,  on  which  the  cost  of  ropes  is  said  not  id 
exceed  the  ^th  of  a  penny  per  ton  of  goods  per  mile^  is  extremely  fiivourable;  but  the 
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(A.)      DUPLICATE  ROPES. 
108  milcaof  spare4^  in^  npe,  3SI^  ton>,  at  Jll, 
6  mile*  of  5j  inch  head-rope  for  inclined  pUnes,  )  9^  Unu. : 
6  niilca  of  3^  inch  uil-rope  fur  inclined  pUnea,  T  toiu  7  ewt.. 
DupUcates  for  enpnes,  at  the  nie  of  1  per  hone  power 
Signal  MatioDi,  23  at  251.        .        .        .  .         - 


Interett  on  tliii  amount  at  SI.  per  o 
cost  of  duplicates 


C  per  annum,  bdng  the  annual 


Note  Q. 

Statement  of  the  eipenie  of  rope^  on  difiercnt  planet. 


r 

4 

Inclinalion  in 

k 

.= 

11 

s. 

feci. 

i! 

1^ 

Desciiplior 

of  plane. 

.s 

u 

Jl 

a  i 

if^ 

- 

i 

is 

2 

1 

i.  1 

Eugiue  uiane 

C. 

882 

iji 

1000 

H 

119-944 

a 

—       do. 

-      -       s. 

773 

810 

Si 

K)5-621 

3 

_       do. 

775 

IIS 

820 

'* 

154-214 

—       do. 

c. 

esi 

2600 

'4 

17  r. 349 

s 

_       do. 

.      -      c. 

IB20 

naJly  levef 

1900 

136-928 

—       do.   tail 

rope  of  No.  5. 

1620 

."* 

171-349 

6 

—       do. 

s 

ria64 

1.    336 
1104 

68 

>i} 

1310 

53 

108-146 

7 

—       do. 

S. 

« 

1200 

5 

1G8-P05 

—      do. 

H. 

2000 

H 

218-625 

9 

—      do. 

-        -        C. 

f    964 
11012 

."* 

-,;} 

1100 

s 

102-050 

10 

_      do. 

s. 

12fi3 

83 

1.500 

s 

11 

Sctf-aning  plane 

c. 

1303 

1304 

H 

12 

—      do. 

c. 

129i 

1256 

H 

348-648 

13 

—       do. 

-      c. 

716 

544 

720 

*i 

■W3-393 

14 

—      do. 

s. 

903 

764 

^i 

125- 565 

—       do. 

c. 

STJ 

64 

193-071 

6 

_       do. 

s. 

71S 

57 

800 

5 

183-456 

17 

—       do. 

c. 

631 

774 

750 

54 

168-310 

—      do. 

s. 

704 

*i 

0 

—      do. 

s. 

942 

1014 

000 

4 

169-000 

chief  portion  of  this  line  deaeenda  giaduall;  with  the  load,  and  in  ftvourable  veather 
tho  reciprocating  sjitcm  is  adopted  on  one  plane  only.  The  data,  therefor^  afforded 
by  this  railway  cannot  apply  to  the  Liieriiool  and  Manchester,  where  the  whole  is 
wiiipoicd  Ictcl,  or  nearly  w. 

One  instaiux,  to  which  Mr.  Walker  raftn  in  Us  report,  at  alTotding  dau  on  this 
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It  is  nooessary  to  observe,  that  the  gross  weight  taken  at  a  timc^ 

in  Nos.  1    to     6  is  about  32  tons. 
7  and    8       —      48 
9   to    15       —      32 
16  and  17       —      24 
18  and  19       —      16 
The  empty  carriages,  returning,  being  about  one  third  of  the  gross  weight.     In 
Nos.  7,  8,  9,  10|  IG,  17,   18,  and  19,  the  quantity  conveyed  annually  over  tlie  re- 
spective planes  did  not  amount  to  more  than  one  third  of  that  which  passed  over  the 
otlicr  planes.     Where  marked,  C  denotes  that  the  plane  is  curved ;  and  S  that  it  is 
straight. 


Note  R. 

Experiments  detailed  by  Mr*  James  Walker^  in  a  paper  to  the  Royal   Society,  read 

May  31,  1827. 

The  experiments  were  made  in  the  middle  of  the  East  India  Import  Dock,  1410 
feet  in  length,  560  feet  wide,  and  24  feet  deep. 

A  spring  weighing  machine  was  fixed  near  the  bow  of  the  boat,  the  dial  laid  hori- 
zontally ;  one  end  of  a  line  f  inch  in  diameter,  was  attached  to  the  hook  of  the  spring ; 
the  otlier  end  was  attached  to  a  reel  ot  barrel,  3  feet  in  diameter,  the  frame  of  which 
was  firmly  fixed  in  the  ground,  with  handles  of  sufficient  length  for  tlie  necessary 
number  of  men  to  turn  Uic  barrel. 

The  velocities  were  calculated  while  the  boat  was  dragged  this  176  yards;  but  to 
obtain  uniform  velocity,  the  boat  was,  at  each  experiment,  dravm  over  twice  the 
length,  and  the  176  yards  taken  in  the  middle  of  the  distance  by  two  marks  upon  the 
line ;  an  exact  uniformity  of  motion  was  obtained  by  means  of  a  {lendulum  hung  up 
in  sight  of  the  men  who  turned  the  barrel,  by  the  oscillations  of  which  they  regulated 
the  revolution  of  the  handles. 

The  experiments  in  Table  A.  were  made  in  a  full  built  boat,  loaded  with  2  tons 
2  cwt.,  exclusive  of  the  men ;  the  length  of  the  boat  was  18  feet  6  inches;  breadth, 
G  feet ;  the  depth  of  immersion,  2  feet ;  the  whole  depth  of  the  boat  being  3  fcvt, 
leaving  I  foot  above  water ;  the  greatest  immersed  cross  section,  9  feet. 


important  point,  is  on  a  part  of  the  Hetton  railway,  which  is  nearly  level,  where 
301,800  tons  are  conveyed  over  2^  miles  for  an  expense  of  780^  in  ropes,  which 
gives,  according  to  the  most  favourable  mode  of  calculating,  i^th  of  a  penny  per 
ton  per  mile. 

This  part  of  the  Hetton  road  is  worked  by  the  reciprocating  system  to  a  greater 
extent  than  on  the  Brunton  and  Shields,  and  the  planes  not  varying  widely  from 
a  level,  it  gives  better  data  than  either  of  the  others;  yet  it  does  not  seem  to  have 
influenced  Mr.  Walker's  conclusions  on  thu  point,  having  fixed  on  yg^^th  of  a  penny 
per  ton  per  mile,  whereas  the  daily  experience  at  Hetton  indicates  i^^Jytbs. 

Since,  however,  the  cur\'e8  which  exist  on  that  line  may  increase  the  wear  ci 
ropes  in  some  degree,  we  sliall  take  the  cost,  when  applied  to  the  livcrpool  iuhJ 
Manchester,  at  iV^h  of  a  penny  per  ton  per  mile 
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The  experiments  in  Table  B.  were  made  in  the  same  boat,  with  about  8  tons  of 
ballast. 

The  experiments  in  Table  C.  were  made  in  a  boat  28  feet  in  length,  but,  being 
light  and  more  exposed  to  the  action  of  the  wind,  the  smaller  boat  already  described 
preferred. 

TABLE  A. 


Number  of 
Experiments. 

Calculated  re- 

Number 

of  seconds  in 

passing  176 

yards. 

Velocity 

per  hour  in 

miles 

and  decimals. 

Actual  resist- 
ance indicated 
by  the 
steelyard 

sistance  at  the 
different  velo- 
cities in  lbs., 
taking  one 

• 

m  lbs. 

experiment  as 

1 

a  standard. 

124 

2*903 

15-75 

15*04 

2 

85 

4-235 

39-50 

32-01 

3 

146 

2-465 

10-00 

10-85 

4 

140 

2'571 

11-00 

11*80 

5 

145 

2-483 

11-00 

11*00 

6 

140 

2-571 

12*00 

11*80 

7 

120 

3-000 

14-00 

16*06 

8 

120 

3-000 

14-00 

16*06 

TABLE  B. 

1 

79 

4-557 

44-85 

38*59 

2 

80 

4-500 

40*32 

37*64 

3 

93 

3-871 

28*07 

27*85 

4 

94 

3*830 

27*26 

27*26 

5 

78 

4-165 

49*34 

39*59 

6 

141 

2-553 

10-03 

12*12 

7 

142 

2*535 

9-47 

11*94 

8 

142 

2-535 

9*52 

11*94 

9 

142 

2*535 

10-10 

11-94 

10 

143 

2*517 

9-23 

11*78 

1 

TABLE  C. 

162 

2*222 

13*08 

13*08 

2 

187 

1*925 

11*00 

9*82 

3 

89 

4*045 

47*26 

43-34 

4 

87 

4*138 

49-50 

45*35 

5 

137 

2-609 

18*10 

18*02 

Standard. 


Standard. 


Standard. 


**  The  average  resistance  of  Nos.  7,  8,  and  10  (low  velocities)  is  941  lbs. ;  the 
corresponding  velocity,  2,529  miles.  The  average  resistance  of  Nos.  1  and  2  (high 
velocities)  is  4,259  lbs.,  the  velocity,  4,529  miles.  The  resistance  calculated  in  the 
duplicate  ratio  of  the  velocities  would  be  38*1 1  lbs.,  in  phice  of  42'59  lbs.  Again, 
the  same  low  velocities,  Nos.  7,  8,  and  9,  compared  with  No.  3  (velocity  3*871), 
would  give,  by  calculation)  a  resistance  22*04,  while  the  actual  resistance  was  28*07.** 
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A  tew  cxpcrimsnls  were  nlao  made  in  ■  smill  lluinn  wheny,  the  dictan 
jirdi.  The  ■vcrogc  nlocil;  of  four  of  these  eiperiments  wu  106  yards  per  m 
or  3-60  miles  per  hour ;  reiiituiee,  10'  4  lbs. ;  aad  of  four  olhen  the  Tdocil 
160  jtzd*  per  miuute,  or  SS  miteg  per  hour,  uid  the  reustance  S9  Ibt.,  wbil 
ndki  of  the  iquve  of  the  four  preceding  eiperimcnti  would  hare  ^vcn  34-37  II 

The  Email  exce*s  in  the  large  boat,  complied  vith  the  mnaUcr  and  ibc  irl 
Mr.  W.  considers  to  have  been  owing  to  the  form  of  Ibc  bow  of  the  former 
cauang  ksi  beoping  of  ibe  water  In  the  front,  than  in  the  latter. 


Section  of  the  Durhum  and  SuDderland  Railway,  from  Whitwel)  Collicrir  t 
■liipping  plocca  on  the  river  Wear,  at  Suaderlaod. 


176  ditto 

■    ditto      1  in  65. 

506  ditto 

-    ditto      liu69. 

990  ditto 

1,738  ditto 

■     ditto       I  in  SOS. 

1,843  ditto 

-     ditto       I  in  197. 

836  ditto 

-  ascent      I  in  68. 

t,23S  ditto 

-  descent    1  in  462. 

1,584  ditto 

-  ascent      1  in  530, 

],34S  ditto 

-    ditto      1  in  sa 

1,078  ditto 

.    ditto      I  in  61. 

9,376  ditto 

•  descent    1  in  219. 

3,058  ditto 

-    ditto      lin43j. 

1,S32  ditto 

■    ditto      linfiO. 

a,046  <Ulto 

ditto      1  in  190. 

2,420  ditto 

ditto      I  in  130. 

Sdina  ttrcntj  efaaiu  on  the 

moor,  BDd  further  on  to  the  rtaitb. 

1 

righth  of  an  inch 

perr«A 

LOVDON  : 

Printed  bj  A.  Stmritwoma, 
J>Jcw.Street-Si)uar«. 
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